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iiniliiiu;Qfj)m.i'''il  thai  llrit.lAiJ  it  <'»  ilte  <|UoJiiiis.niM'fns,,aitd,af  Jitt)? 
iI'k;.^  Iju  «ar** ;  Mtiilv  hn  is iiiirii',ri'U  iii  tlw"  ui^iml  rul.  Bui  UmniiltfiMli 
n  8>9t:>iD  piioiilil  ti'q^lMvMkii^  ij  w'MilU  hf  vHiiiiibl(>  hy.xiin  tl'^mMy,^ 
il»  very.dfirectik  .  No  cli'iicm  «»m  Ixr  (illt'd  liH  itiv-kuown:  uiiilflUnis 
nre  errors  iutd  bJuuk&«1it«se«t  wilti  tlieiiiDnrriiinit)!*.  »n  n»  k»  iitUivfttQ 
fill-  vuv  In-  M-liicli  tho,v  un>  Uriw  crrerlcd  Aiid»iii»(<livd.  fiUkc-intWflS 
fiiriiMiuiicp  M'itlL  rrr«r;.tti(l,li«  .wlio  mujm  C<>r  tim.  h<)iic<f^,|>i*xfi)«W(>ft* 
frupjircs^iutf  wl>utii«  kuo%vflr  l>e(»iitse  Uio proud  (mtpR  timid. IviMnCeta 

,^  |iHr^UintitI<r  ii;i;om(lc<-j  h  llip  2;xoA(iin-utM,  wlu)  wfUnol  viitL-r  llw  wBlur 
liJIliecan  swim.  >Vir  will  riit?  duj"  of  imili  ejtec.arrii'o,  if  thej'wli© 
Riiii  udd'iloibet'irMikn^'lujuwIoilKticuiifiiic  it  willjiM  cliRinwHss. ,  '  j  {^ 
Be  ilu>  rc«ult  wUat  it  inav,  ir  is  iuy  dulv  to  oit) ,  III*'*  ^t  llo»t»,  iriib 
snniB  eiiiifpliniTR,  fX)  my.  oMMi.  o))»arvalit>iiS|  nouliriiiluc  iliryna  nf  oljicrs, 
Mheii  UDl  nrjjfiual.  Observers  BWf  differ ;  but  NaOire  U  alivn)j  the 
saiito.  A  lid  it  wus  niy  duly  in  cnutirni  tii>  ci'lVrniicw  |aiUilltt>rttiBKj'bf 
applviitg  (o  tlie  grrai  toiu-oi^  oT  ait  Aull»vilv»  wliRreiwi  tbis  vA*\n9r 
pibicL  Ttieiice-  huvi*  J  qiiut'vlt  ttvtre  in  cunfiruinUoii  lltaafvr  ■»uy<oiiwr 
ptirijote:  never  truKiiiig',.eveD  lo  Dam^aof  r«piit«<l.  wcl^ltt,.  iri>«i>-tbv> 
Tar-lA  wrj'ft  cnitlnididory  to  \Ume  wbteh  I  had  verifif^,  1 1  or-  tPi  jtut 
an«k>gio«>  or  to  ibe  principles  or  ibe  cbl!ut«r»i  «u?)eaoe4:  a«aUFrd  i\i»t 
Nature  C>uiru>t  ditff  r  frnni  iiBr«e]fj  lutf  ai»'  Irutti  (^i[)Ofie  aiKitJirr.  3'bif^ 
arc  ih&rcalut^uitdti  on 'nhlrli  the  raltdby  of  atubonilasnuiat  heiri«4^ 
miiliij?Qr<>|Kirlia;Hi  Uhtb  I  quotrd  fpwvr  ttmn  ini^ht  base  been  wpocWlli- 
^el,  1  tliiiikv  CiKMi;:!];  «mCo  a:L  iiidivcrimuiato  cur  cnrclaaq  r<.-tiAi>t(> ou 
lliein  .i«>«  lawtt,  itfriliriia  fvuji<l>tiii)a  lor  a  wilrkoui  Uii9<  Seiencdrrn^tP 
ninbitlou^  muIiit4Jicii.v  of  nriterti,  sccinrinaua,  aud  J)ypoU]c;fM(;uuar 
ever  ItP  IIih  &(Hir(':R  nf  bad  Qbi«j'<vtil inii!>>  if  iif))  alno  /if  ^atiutcuis  au^Qr- 
linrxt:  n-bil<$  nu  <;«ial<IL)li«il  |->hr44P,olo^  i{iUUaU.:tlii«' vUlillic.  MiMCt 
fif  know  kdfCf^.  yo  a^ifBt&iit  of  jjeoli^v  can  >l'I  be  comiiUttd  trvm  •tbu 
M'ork*  nf  otJiew;  .lliwigh  :QfIi«i  ii\lipiiiplfd.  Kirwnii  Utw 'rL-t;pllctl,,iu 
autlioriliet  t«  prove  burr  luucli  \%e  k»ew:  a  l^der  MrtlQl'  Jia«  >iru«ed( 
from  ihe  sarnr  aullmrilirs,  tliai  nv.  knuw  uulliiit}^  Nor  d^Qt>  <ati>.VU(2 
wbo  evea  a^titrei  lo  XbejiuiiQ  of  ()liy<iM^)lit>rt  »^fl>l^.alH}tl|^ri(>'>rcv)<1n 
^rop.  Iiim  ;  as,  never  >el  -wiia  aity,  Bjetf^tn  iu  |jjbiioso[>UF  futUid.L'fl.pa  i.llia 
ev4^s  or  Ihe  o^iuioni.or.oiUrrs.  I   :    > '     i,  ..    , 

Goolujjists  liave  brfen,  aciiwd  of,  r<iuitili)it;,Jfti^U'6  MpfVLbUttilVrlw) 

^^favnareddSslriclB;  vet  liavc  I  dratrnm)'  cULcf:il]u^t^alil•u»/rnm^ita(u• 
It  U  (rue:    but  tlu-re  U  ito  reav(uLiluicc,ju  tla.'  utt|>Ucalioi)s;  as  I  can 


■^•rt 
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^    •  rvAmivM-(R3.  Vum  wonu-jWA  ttO  .I117X 

G^  .  "       ■:>.■;;  \wvwM.  «o  .X!X 

.■m»A^  \  o^K  W/t^\w^ 'jM  i^>  .XX 

Wnt^  WORK  was  wrilten  in  Iii2I,  and  il  ]ins  lliPTcf^ifip  ri,^iil  PVPn  lipyntid 
ihe  lloraiilin  f>erinil.  1  have  wuJli'il  ten  ;OiU-a,  In  i\n'  aiinoiinfi'il  lin]e 
that  «nm^Wl4f^nfitfhS*'rfiillt  Btrfn'aj'Aw-aVfl  W        tfr^ricS),  lA^' ("tpro- 

^>UierB  to  Uiis  iii-rjloiis  lioiiiiur,  tiv  llic  uct'asiutml  piiljliriLt'iou  of  cerliLi'll 
portioos.  I  do  not  see  tlial  il  lia«  been  superscdcil ;  uor  Uuil  llicreare 
ftuy  tiopes  fmin  a  louder  tlelay.  T  ilirt  nlsf*  expert  that  time  wciuld  Iiarp 
brought  fnatprin]  imjirftvprnenlit,  llirr.iitr(n|,p  efTnria  nf  the  [irespnl  miilli- 
Iiide  of  liihoiirers.  I  grie\i'  m  av  that  it  has  Fcarcoty  received  n 
valuable  addition  from  ihU  XDiirci',  imd  not  u  sliiglo.  I'uudumetital  uiil*. 
Ttw  evidences  of  Geology  have  indeed  lieen  mulUpHi^d ;  vet  lhroii|i1i 
idrntiral  facts  nnly:  since  I  dr>  not  perceive  that  a  new  one  has  been 
added  to  Ihe  8cience.     This  oiigtit  not  (n  Imve  beeu. 

Having  already  publldhrd  every  thing,  derived  from  my  own  ob»cr- 
ralion,  un  which  the  present  artemji^'it  bujll,  these  have  lon^  been  as 
miieh  the  er.minoii  property  as  whnt  1  liare  b'^irnwed.  Whether  tlicme 
18'Vhdin  7  hi-.v.'  '.o  I.^ri::-  Icfi  this  m-1^.  liffv^-tboWgh'l  '^hSt'WtfeiiiM  ilKFba 
ezcctifud,  ur  biiuiild  not  be  iiilt-'iuplDiV,'  rvi* 'ii'lieihpT  tHtir*^  b'6"iWI|^  WiW 
reacon, it  Is  not  for  me  lo  conjoeture.  liul  tie'»lLil"«ay"''Ttli('ftii'l^l^W?N'5 
preeiimpliioiis  title,  does  rwjl  kii«w  the  ineuiLiri;;  of  ifjtli  tif^ ;  sinee  il 
neither  implies  ticrfec^on,  iwr  Ihc  pr^^ficc  to  !(,  It  is.  ^  view  of  ilie 
actual  ounditiou  of  any&cienceifcl^lJMxiime;  and.  «]1  harf  bad  their 
tentatiTU  sysloms  Or  Bpprf)iht)a!!ins'i''"i15»»y  !i«liiertSe-nfeV  posscssct 
one:  vctDotc»en  AstroHoiny  is'm'ifefti   '■'       "^'"  '*■  ■"*■'-' 

RyalemsapproachiiR^reeiiflu  by  d^j^pj^i;*:  an^^ne,,wlio  ((ranees  one, 
raeilitales  the  production  of  a  belter.  He  also  whu  niakeii  lite  Vrtl 
attempt  is  iiol  m  lie  envleii:  nince  nil  area'^rPiulv  to  ePUAiirc  Its  di'Terts 
aslheyaiM  able  to  see  nhul  the  author  hlinseir  pohits  out:  choosing  tr> 
rnr^t  thai  he  lias  done  an,  while  ignorant  or  neglectfu]  nf  vvhal  li!i« 
been  done  and  irliat  overcome.     The  traveller  over  a  solid  road  knows 
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wd  Oie  prcigr«sit  of  ^ologT.  Witlioui  dctalh  of  facts,  it  would  lia»e 
biren  UBoIem  lo  llic  etiidcnl :  and,  w-illinut  roaantiEng  lliese  Iiitn  Pvi(lpiiiK>f 
il  would  Imve  merited  tli«  fate  of  the  Gerjnati  cnsm-v^uies.  In  my 
own  o)>iiiioi),  il  is  far  It»  sUuri:  and  it  is  the  Ifiu-ner  who  Eball  jud^e 
between  uc.  I  am  seintible  that  ilie  tketcit  of  a  Theory  of  tlie  Karlh 
requires  a  To)uine,irslPaJ  ofu  Cbnptt-r  ;and  fiirllier,  thai  il  can  ncnrcely 
be  undf  rsiood  wilboal  that  series  of  drawings,  as  a  (pUdc  llirough  a 
perfeat  labrriiilli  oT  reflecliou.i,  witbout  wbioh  I  could  not  ereahaYe 
writl^n  il.  Il  miiit  ■-'■main  for  oltter*  to  demand  >uch  a  rolume:  and 
if  it  it  not  less  Iruu  Ihiil  iliui>trHliniifi  would  have  bi'un  most  usuful  lo 
llitf  whole  wnrkt  as  Ihey  liad  been  prepared  for  il,  (hero  are  few  who 
<]»  iK)t  know  where  the  obxtructiuu  lies,  as  ilis  lliey  alone  nbo  cau 
r*niovr  it. 

Tttat  this  work  abounds  ia  defects,  I  know  better  than  most  of  tny 
readers:  bul  il  is  no  vcrr  heavy  crime  to  liuve  faik'd  in  pruducinf;  a 
OonplAle  oit«  from  ileficjeat  dement*.  As  lo  errors  and  nmisiions, 
ihcn:  js  iio  fi'ar  lliat  lltcy  will  iiul  he  noted  ;  and  long  before  lliey  will 
be  corrected  and  supplied.  Of  mere  hypothesis,  I  hope  there  is  none: 
while  perfectly  indifTerent  whence  Triilh  comes,  provided  it  eomes  at 
all.  Artd  lluis  may  I  aafebr  Miy  with  Cicero.  «  Xosque  tp«o«  redargiil 
rffelllqiie  patiamttr;  quod  ii  fcrunt  aiiimo  intquo  qui  certis  quibusdajn 
dosliDalisqiie  seatentiii  quasi  addicliel  coDiecrali  sonl,  eaqoe  necea- 
silule  coiistricli,  uteliam  qiije  mm  prubarc  solranl,  ea  cu^aiitur  constao- 
liat  cau«a  defeudere:  nosqui  sequiinur  pr'>babiliii,  iiec  uhra  quam  id 
quod  lerinimile  occurrii  pro^redi  poMiiotiis,  el  refellere  siue  pertioaeia 
ct  refcni  sine  iracundiuparali  tumus." 
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GEOLOGY. 


CHAP.  1. 

On  the  general,  phjecfs.  of  Geologicmi  Science. 

The  slightest  examinatloa  of  the  surface  of  the  Earth 
displays  to  us  numerous  irregularities  by .  which  its 
spherical  foroi  is  modified  i  and^  when  we  penetrate 
within  it,  we  discoyer  that  it  contains  many  rodu  of 
different  characters,  disposed  in  a  conftised  manner, 
and  giving  rise  to  the  inequalities  which  form  its  moun- 
tains and  its  valleys,  which  are  the  immediate  causes 
of  the  elevation  of  its  continents  and  the  depression  of 
its  seas.  The  study  and  description  of  these  substances 
and  these  appearances,  constitute  the  natural  history 
of  the  Earth,  according  to  the  simplest  view  of  that 
science.  Thus  this  branch  of  Natural  History  com- 
prises those  circumstances  in  the  disposition  of  the 
surface,  which  do  not  appertain  to  geography ;  toge- 
ther with  the  distribution,  the  mutual  relations,  and 
the  nature,  of  all  the  substances  which  enter  into  its 
composition.    These  again  subdivide  themselves  into 
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many  inferior  branches  ;  inclnding  the  history  of 
nerals,  of  organic  fossils,  and  of  alluvial  deposits ; 
with  other  matters  which  it  is  not  here  necessary  to 
specify. 

These  objects  are  not  merely  adapted  to  the  gratifi- 
cation of  speculative  curiosity,  but  are,  in  many  cases, 
condncivc  to  the  wants  or  luxuries  of  mankind,  to  in- 
numerable uses  in  the  arts  of  life.  Thus  it  becomes 
necessary  to  form  accurate  records  of  their  places,  by 
means  of  mineral  topography,  to  indicate  the  precise 
circumstances  under  whicli  they  exist,  the  modes  by 
which  they  may  be  best  obtained,  and  the  varieties  of 
character  which  they  present :  the  whole  constituting 
a  body  of  investigations  by  which  geology  is  raised  to 
the  rank  of  a  practical  science. 

If  now,  as  in  the  other  branches  of  natural  history, 
every  rock  and  substance  were  visible,  or  could  be 
exhibited  by  the  mere  efforts  of  industry,  or  if  thegeo- 
lexical  surface  of  the  earth  were,  like  its  geographi- 
cal details,  within  the  reach  of  actual  measurement 
and  examination,  time  and  industry  alone  would  pro- 
cnre  for  us  all  the  information  which  could  be  required, 
whether  for  the  purposes  of  curiosity  or  use.  A  per- 
fect accumulation  of  facts  wouhl,  as  in  botany,  short- 
ly form  the  materials  of  a  science,  to  which  the  phi- 
losopher would  superadd  those  analogies  or  distinc- 
tions by  which  nature  has  classified  or  separated  all 
its  objects. 

Rut  such  is  the  condition  of  the  earth's  surface,  and 
'^such  its  structure,  that  we  can  make  little  progress  in 
its  study  withont  in  some  degree  inverting  this  pro- 
'  coss.  As  in  geometrical  synthesis  or  in  chcmicid 
science,  we  must  extend  the  conclusions  ;md  results 
obtained  from  tlie  observation  of  a  certain  number  of 
facts,  to  ihe  purpose  of  dis<^ovoring  olherft;  and  thna 


the  geologist  is  destiucd  lo  pursue  his  invcstigatioDR 
and  extend  his  distovories,  by  (lie  coiisideratiou  of 
analogies,  and  by  inferences  frf>ir\  limited  obsena- 
tions  ;  by  a  combination  of  the  operations  of  analysis 
and  syntbeHiR,  aecrording'  to  the  ri^id  rules  of  jdiiloso- 
pbical  induction.  Geolopcy  thus  necessarily  assumes 
a  hi^h  rank  among  the  sciences  ;  and  if  it  has  not  yet 
obtained  to  such  an  eminence  as  to  claim  a  place 
among  those  which  arc  esteemed  accurate,  its  cnltira- 
tors  have  the  gre«iter  stimulus  to  observe  rightly  and 
reason  truly;  that  they  mav  place  it  on  that  proud 
elevation  in  the  honours  of  which  (hey  must  them- 
selves participate. 

-  To  illustrate  these  remarks  by  a  reference  to  the 
arfnal  state  of  geological  knowledge,  to  the  facts  and 
analogies  already  ascertained,  to  those  by  which  a 
mere  observer  may  be  misled,  and  to  t]iose  modes  of 
procccdiog  by  which  the  truth  may  he  cstaiilishedj 
H'onld  be  abundantly  easy.  But,  to  the  student,  it 
would  now  require  the  anticipation  of  many  details; 
and  hereafter,  when  he  shall  have  been  put  into  pos- 
flessioQ  of  them,  it  will  no  longer  be  necessary. 

Disgusted  with  visionary  theories,  actuated  by  a 
Spirit  of  opposition,  or  iiirtuenced  by  narrow  views, 
luaay  geologists  have  wished  to  stop  short  in  this  ca- 
reer; ffurrounding  themselves  with  a  circumscribed 
boundary,  and  refusing  to  inquire  into  those  revolu- 
tions, of  which  the  earth  every  where  presents  tlu; 
roost  impressive  traces,  to  attempt  an  explanation  of 
their  causes,  or  to  connect,  by  a  jnst  theory,  all  those 
marks  of  change  which  nn;  the  proper  objects  of  a 
philosophical  system  of  (Jeology.  Others,  have  op- 
posed the  progress  of  rational  geology,  by  confonnd- 
iag  primary  aiul  secondary  causes.  IJeeause  the  poe- 
tical imagiuati<in  of  Buft'on  hqs   created  worlds,  they 
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leliiaeto  inquire  into  the  agencies  by  which  the  ma- 
terials of  this  earth  have  been  disposed  and  modified, 
by  which  they  are  alternately  renewed  and  destroyed, 
by  which  all  the  chaug^es,  of  which  it  displays  the 
marks,  arc  caused  to  work  together  to  one  great  end. 
But  even  the  philosophical  geologist  does  not  inquire 
how  the  great  Creator  of  the  universe  produced  the 
globe  that  we  inhabit.  He  is  content  with  mvestigat- 
ing  the  secondary  causes  by  which  ilb  inatcriids  as- 
sumed their  present  form  and  disposition,  the lans  which 
regulate  those  incessant  changes  by  wiiich  every  tliing 
is  alternately  destroyed  and  renewed,  yet  where  no- 
thing of  all  that  has  been  created  is  lost.  Had  as- 
tronomers been  content  to  know  that  the  earth  was  a 
sphere  and  that  the  planets  performed  their  revolu- 
tions in  stated  times^  had  the  forccof  gravity  remained 
unknown  because  they  refused  to  investigate  secondary 
causes,  the  nature  of  the  tides  would  yet  have  been  a 
mystery,  like  the  complicated  motions  of  the  uioon, 
and  comets  would  still  have  been  objects  of  astonish- 
ment and  terror. 

But  the  human  mind  is  so  constituted  that  it  cannot 
rest  content  with  facts.  If  it  possesses  innate  pro|x;u- 
silies,  tlie  investigation  of  causes  is  assuredly  one  of 
them.  TTie  very  geologist  who  disclaims  all  theory, 
has  his  own ;  the  lowest  of  the  vulgar  desire  reasons. 
We  cannot  open  our  eyes  without  seeing  daily  changes 
onthc  surface  of  om'  globe.  Kivers  alter  their  courses, 
and  lakes  are  oblitcratedj  by  the  transportation  of 
earth.  Mountains  are  levelled  with  the  plains  by  the 
action  of  rains  and  frost;  and  valleys  arc  tilled  up  by 
their  ruins.  An  earthquake  alters,  iu  an  instant,  the 
whole  face  of  a  country,  and  a  volcano  overwhelms  it 
with  new  rock$.  These  phenomena  irresistibly  com- 
pel us  to  inquire  whether  similar  causes  may  not,  in 
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distant  luuesj l»dve  produced  anulogoiis  effects;  whelher 
,tbey  arc  capable  of  explaining  the  appearances  wliieh 
meet  onr  view.  Hence  the  invustif^atioii  of  socon- 
darj  causes  becomes  inevitiible;  and  hence  geological 
theories  become  inseparable  from  geological  appear- 
ances. The  laws  which  govern  the  phenomena  of  na- 
ture, force  ihcmselves  irresistibly  on  our  attention. 
They  are  strictly  involved  with  the  analogies  which 
regulate  all  our  reasonings  and  direct  our  observations; 
and,  without  them,  wc  cannot  proceed  a  step  on  firm 
ground.  They  distinguish  the  philosopher  from  the 
empiric;  and  combine  scattered  observations  into  a 
body  of  useful  and  rational  science.  Even  in  the 
science  of  Nature,  as  in  that  of  numbers,  the  assump- 
tion of  imaginary  or  erroneous  laws,  leads  to  the  dis- 
covery of  tlic  trnc.  The  history-  of  astronomy  ii,  in 
itself,  a  lesson  to  those  who  ignorantly  undervalue  the 
pursuit  of  ^neral  laws.  Bewildered  in  spheres  and 
vortieeSj  it  arose,  as  in  a  moment,  complete,  from  the 
tlicory  of  gravitation. 

Hence  the  consideration  of  secondary  canses  forms, 
not  only  a  legitimate,  but  an  essential  part  of  geolo- 
gical science.  That  science,  like  all  others,  comprises 
the  history  of  all  the  facts  which  it  involves;  and, 
from  these,  it  establishes  certain  general  analogies. 
Ascending  a  step  higher,  it  declares  the  laws  which 
have  regulated,  and  will  continue  to  regulate,  all  the 
phenomena  of  the  globe;  and  thus  finally  establishes 
a  legitimate  theory  of  the  Earth. 

But  a  work  of  this  extent.  Involving  such  an  ex- 
tensive series  of  phenomena,  cannot  soon  be  perfected. 
It  may  not  yet  have  been  even  sketched ;  since,  of  the 
truth  of  those  schemes  which  have  been  proposed, 
we  can  have  no   valid  evidence  but  Ihat  arising  i'rom 
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iheir  ailaptatiou  to  a  majority  of  those  phenomena, 
of  which  not  many  have  yet  been  examined  with 
snfficieiit  care.  Many  theories  may  be  reconcileable 
with  a  snpcrhcial  view  of  geological  phenomena;  bnt 
the  formation  of  a  correct  one  requires  an  accurate 
and  an  extensive  acquaintance  with  these.  Few  re- 
searches are  more  complicated  and  arduous ;  and  there 
arc  none,  of  which  the  facts  are  more  diversified,  more 
dispersed,  iind  more  difficult  to  disentangle.  Nor  are 
there  any,  of  which  the  causes  are  more  difficult  of 
access,  and  further  removed  from  the  common  tnick 
of obscn'ation  andcxpcriment.  Yetthcgcncral  iniprovo- 
ments  of  science,  and  the  lie:ht  which  all  its  branches 
mutually  throw  on  each  other,  cannot  probably  fail, 
ultiinately,  to  place  geological  science  on  a  firm  and 
durable  foundation.  Its  very  difficulties  present  the 
.highest  inducements  which  can  be  offered  to  an  am- 
bitious mind;  and  he  will  have  little  reason  to  con- 
'gralulato  himself  on  the  results  of  his  industry  or 
acuteness,  who,  disclaiming  the  true  ends  of  philoso- 
phy, is  content  with  the  olijects  that  occupy  his  cabinet, 
with  the  discovery  or  the  classification  of  a  rock. 

He  whose  views  arc  formed  in  a  right  spirit, 
will  not  rest  here.  Science  requires  of  him  much 
Hiore.  He  nmst  !*c  fan»iliar  with  the  wider  and  greater 
relations  of  all  the  substances  in  nature;  his  duty  is 
to  combine  a  careful  study  of  particular  instances  with 
comprehensive  general  views,  to  compare  the  minutest 
[enalogics,  to  contrast  the  most  insensible  did'crenceS) 
md  10  explain  obscure  or  doid>tful  appearances  by 
[others  of  a  clear  aiirl  decided  character. 

He  will  pnrsue  niiture  amidftt  her  minutest  as  among* 
her  most  gigantic  features  •  exploring  her  in  etery 
^arifty  and  gradation  of  her  works,  and  ulw»yhreintm- 
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bering  that  she  can  only  be  understood  by  him  whose 
mind  can  aUke  apprehend  the  parts  and  grasp  the 
whole.  But  it  is  his  duty  also  to  recollect,  that,  by 
premature  generalization,  he  may  obstruct  his  own 
progress  and  that  of  his  Science.  To  fill  a  blank  is 
tempting:  but  a  vacuity  is  often  preferable  to  a 
blank  badly  filled.  The  imperfection  is  less  sensible 
than  the  defect;  while  it  is  apt  so  to  establish  itself 
as  to  be  with  difficulty  discarded. 
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On  the  particular  Objects  and  Ettds  of  Gcologici 


Investigation, 


A  VERT  superficial  examination  of  the  objects  which 
surroQiid  us,  is  saflicieiit  to  show  that  tlie  substances 
which  constitute  the  accessible  portions  of  the  globe, 
arc  numerous  and  various,  and  that  their  positions  and 
uintual  relations  are  irregular  and  intricate.  Granite 
and  marble,  slate  and  sandstone,  fui-nisb  the  materials 
of  arcbitectnre,  the  metals  and  coal  are  the  foundation 
of  the  arts.  The  same  rocks  that  constitute  the  ridge 
of  Jura  occupy  the  plains  of  England,  and  the  basalts 
that  repose  on  the  granites  of  the  Andes  arc  foun 
beneath  the  limestones  of  Sky.  A  thousand  pheno 
mena  record  the  revolntions  which  these  substanc 
have  undergone.  The  fragments  of  former  rocks  a 
reconsoli dated  to  form  new  mountmns,  the  remains  of 
animals  that  have  existed  beneath  the  ocean  are  im- 
bedded in  the  loftiest  Alps,  and  the  vegetables  that 
once  flonrished  in  the  liglit  of  day  are  buried  bcucativ, 
the  solid  strata.  ^ 

A  very  general  view  of  the  objects  which  comprise 
the  immediate  pursuit  of  the  geologist,  will  here  he 
sufBcient.  The  most  obvious  of  these  is  the  nature  of 
the  rocks  which  constitute  the  accessible  portions  of 
the  globe ;  and,  in  these,  it  is  nccessaiy  to  distingtiis 
the  mineral  coniposiiion.  the  peculiarities  of  structure," 
the  varieties  which  they  may  present,  and  the  families 
or  species  into  which  they  have  been  already  divide 
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oiby  wbich  tbcy  niuy  be  arrauged.  Tlieir  peculiari- 
ties of  form  and  disposition,  whctbcr  coiisti luting  ir- 
regular masses,  strata,  or  veins,  arc  subsequent  objects 
of  consideration  ;  and  their  natural  history  U  rendered 
complete  by  investigating  their  order  of  succession  or 
their  other  mutual  relations,  the  influence  which  they 
may  exert  op  each  other,  the  general  analogies  which 
they  bear  to  the  whole  system,  and  the  causes,  nature, 
and  consequences  of  the  changes  which  they  have  un- 
dergone or  may  be  undergoing.  Lastly,  for  the  pur- 
poses of  mineral  topography,  it  is  necessary  to  deter- 
mine their  geographical  boundaries :  the  geologist 
being  thus  enabled,  by  the  aid  of  maps  and  sections, 
to  refer  accurately  to  them,  whether  for  (Economical 
objects  or  the  mere  purpose  of  elucidation.  The  exa- 
mination of  mineral  or  metallic  veins,  forms  another 
distinct  object  of  geological  investigation :  nor  is  the 
geologist  exempted  from  the  study  of  minerals,  thongh 
mineralogy  has  been  erected  into  a  separate  pursuit. 
The  mineralogist  may  pursue  the  minntife  of  his  own 
department,  with  little  aid  from  geology ;  bnt  he  will 
be  a  very  imperfect  geologist  who  is  not  acqnainted 
with  those  objects,  for  the  discovery  of  which,  mine- 
ralogy will  most  frequently  be  indebted  to  him. 

If  the  multitude  and  variety  of  orgauic  remains 
shall  appear  suiHcicnt  to  exempt  the  geologist  from  a 
niinute  investigation  of  all  these  objects,  and  to  permit 
him  to  divide  this  labour  with  the  cultivators  of  Zoo- 
logy and  Botany,  still  it  is  his  especial  duty  to  deter- 
mine the  substances  in  which  they  are  imbedded,  tin: 
nature  and  relative  antiquity  of  these,  and  a  ujultituile 
of  other  circumstances  which  it  would  now  be  super- 
flnuua  to  detail.  For  his  own  immrdiato  ends,  he  must 
possess,  at  least  a  fonsideraljle  knowlfdgp  of  tlie  cha- 
racter* and  aniJogies  of  foisil  animals  aud  vegclablca, 
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and  oi'  llie  rflations  which  they  bear  to  the  corre- 
sponding lieings  wliich  now  inhabit  the  parth.  But  he 
mitJit  not  forget,  at  the  same  time,  that  Extinct  Zoo* 
In^y  and  Botany  do  not  constitute  Geology;  and,  in 
ihe  study  of  the  inhabitants  of  our  earth,  forget  the 
ciirth  itself.  The  general  bearings  of  these  belong  to 
tills  science:  but  the  objects  belong  to  other  depart- 
ments of  nature. 

An  cxamiuatiou  of  the  changes  actually  taking  place 
ou  tlic  surface  of  the  earth,  and  of  those  which  have 
formerly  occuiTcd,  constitute  another  distinct  branch 
of  tlie  piu"suits  of  a  geologist.  These  include  the 
waste  and  degradation  of  mountains,  and  the  conse- 
quent results;  together  with  the  various  catises  by 
which  their  materials  have  been  thus  transferred. 

The  pbcnoniena  of  volcanoes  form  the  last  division 
of  those  pursuits  which  it  is  necessary  to  enumerate. 
In  these,  whether  living  or  extinct,  his  attention  is 
called  to  the  appearances  which  their  eruptions  display, 
and  the  cooscqaences  resulting  from  them ;  to  tlie 
rocks  winch  they  have  formed^  and  to  the  nature  of 
tliosc  whicli  they  have  overwhelmed.  Lastly,  amid 
all  these  fiicts,  among  these  various  objects  and  actions, 
he  luust  seek  for  those  analogies,  and  assign  those 
causes,  on  which  all  the  appearances  before  him  depend. 

On  such  a  basis  may  n  scheme  of  geological  inves- 
tigation be  conceived;  but  we  are  not  yet  iu  u  condi- 
tion to  form  a  regular  one. 

Were  <UI  the  facts  and  analogies  that  appcrtnin  to 
Geology  attained  ant!  proved,  it  would  he  easy  to  treat 
the  subject  und  its  proofs  in  a  systematic  order.  But 
it  would  then  be  the  science  which  we  are  as  yet  but 
seeking.  In  this  defect,  however,  it  only  partakes  with 
all  ihc  Natural  sciences:  whether  exceeding  them,  or 
otherwise,  iu  that  rc&pcct,  1  need  not  htrc  inquire. 
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The  present  duty  of  a  systematical  int|uiry,  is  to 
describe  objects  and  actions  which  cannot  all  yet  be 
classed  under  general  divisions  and  laws ;  and  it  cannot 
avoid  proposing  analogies  and  inferences  which  it 
is  nnable  to  prove;  while  it  mnst  also  make  use  of 
proofs  which  are  themselves  to  be  proved  hereafter, 
or  prove  several  laws  by  one  or  more  facts,  or  the 
reverse;  thns  necessaiily  becoming  entangled  among 
future  and  retrospective  references.  Hence,  the  order 
which  would  be  desired,  cannot  be  adopted.  And 
hence  also  it  may  be  useful  to  give  a  sketch  of  an 
order,  which,  however  dry  and  repulsive  it  may  appear, 
will  serve  to  indicate  the  catenation  of  the  facta  and 
inferences. 

The  materials  of  this  inquiry  areObjects  and  Actions ; 
the  result  constitutes  Inferences  ;  and  these  are  retro- 
spective, as  well  as  present  and  future.  The  Retrospect 
is  the  material  for  a  Theory  of  the  Earth. 


OBJECTS. 

The  Objects  are  the  Materials  of  the  Earth. 

J'he  Materials  are,  Kocks  and  Fragments. 

The  Rocks  are,  Stratified  and  Unstratified. 

Rocks  and  Fragments  are  formed  of  the  same  sub- 
stances. 

The  substances  are  simple  earths,  including  oxydcs, 
or  minerals. 

Rocks,  and  the  larger  Fragments,  are  composed  of 
Earths  or  of  Minerals,  and  of  Animal  and  Vegetable 
matters  compacted. 

They  are  compacted  by  Mechanical  approximation, 
or  by  Chemical  action,  or  by  both  united. 
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ROCKS. 

Strativikd  Rocks  have  been  deposited  from  water. 

They  have  been  produced  from  fragmcntis,  or  froii 
dissolved  substances,  or  from  Ix)th. 

Tbiy  have  been  eonsoUdated  by  mechanical  forces, 
or  by  chemical  actions,  or  by  both. 

They  were  once  horizontal  in  position,  or  nearly  so, 
and  their  positions  arc  now  various. 

They  were  once  continuous  and  straight  planes,  o 
nearly  so,  as  far  as  their  extcutj  and  they  arc  now  bcu 
fractureil,  and  separated. 

They  were  once  unmixed  with  nnstratiHe<i  rocks, 
and  they  are  now  iutermi.xed  with  these. 

Bein^  essentially  composed  of  minerals,  they  also 
contain  the  remains  of  animals  and  vcf^etables. 

They  were  once,  or  oftencr,  below  water,  and  tliey 
are  now  above  it. 

They  arc  repeated  in  consecutive  and  parallel  order, 
of  the  same,  or  of  dificrent  kinds. 

Every  consecutive  and  parallel  scries  was  foriiied 
beneath  one  water,  and  during  one  defined  period  ol 
repose. 

'I'hcre  are  more  than  one  or  two  sets  of  the  conse- 
cutive and  parallel,  separated  from  the  approximate, 
which  occupy  other  and  diffei-ent  angles.  ' 

There  is  a  frequent,  if  not  a  nccessarj*,  interposition 
of  consolidated  fragments  at  these  points. 

With  rare  exceptions,  every  stratnni  is  of  later  origi 
than  the  one  next  below  it. 

UNSTUATinEn  Rocks  have  been  produced  fro 
below  the  stratified. 

'I'ht^y  iUf'.  found  ht'Iow  tbc»e,  or  above  llieni,  or  in- 
termixed ill  the  forms  of  massts,  Iiedi.  and  veins. 
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Tlie  ialtruiixturc  is  altciult^d  by  nicrhaiiical  and 
cbemical  t-haiigcs  ia  the  stratified  rocks. 

They  have  been  consolidated  iiftcr  tusiunj  and  their 
Ittrndore  is  necessarity  chemical. 

Volcanic  rocks  present  all  the  same  characters. 

An  uiistratiiicd  or  a  volcanic  rock  may  be  of  hiler 
oiigin  than  the  stratum  above  it. 

FRAGMENTS. 

These  consist  of  portions  of  rocks,  of  minerals,  of 
earths,  and  of  vei^^etable  and  miinml  substances. 

They  occupy  the  surface  of  the  solid  eartli,  either 
above  the  water  or  beneath  it. 

They  hnve  l>een  produced  by  the  destruction  of 
rocks,  and  by  vegetables  and  aTiinials. 

They  have  been  deposited  by  gravity  and  by  the 
motion  of  water. 

ACTIONS. 

Actions  are  the  resnlts  of  aniiual  and  vegetable  life 
and  destruction,  of  water  and  the  force  of  gravity,  or 
of  fire. 

By  organic  production  and  destrnotion,  its  objects 
become  portions  of  the  Fragments,  or  form  Strata, 
or  parts  of  these. 

By  Wateii  and  Gkavitv,  the  solid  rocks  are  broken 
into  fragments,  and  deposited  on  the  land  or  beneath 
the  water 

By  Water,  animal  remains  are  mineralized,  and 
vegetable  ones  biturainized;  both  classes  of  change 
being  of  graduating  characters. 

Fire  acta  in  Volcanoes,  which  are  visible  or  in- 
visible. 

It  elevates  the  sttperiacumbent  materials  of  the 
earth,  whether  solid  or  otherwise. 
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It  produces  flnifU  which  heroine  rocks;  and  these 
are  formed  beneath,  or  among  the  rocks  of  the  earth, 
or  ahove  iheni. 

These  rocks  possess  (he  various  characters  of  the 
Unstratificd  ones,  and  produce  the  same  effects. 

Among  the  consef|UcnccB  of  elevation,  are.  the 
production  of  displacements  in  tlie  superincumhcnt 
water,  and  of  torrents  or  currents. 

RETROSPECT. 

The  inferences  from  Objects  and  AcrioNsconm 
the  present  ivith  tlie  Tast;  and,  in  a   more  limited 
manner,  with  ilic  Future.  {, 

The  fragments,  and  the  solution,  of  foimer  rocks, 
and  earths,  in  former  Water,  produced  the  present 
Stratified  Rocks, 

The  effects  of  former  Fire,  produced  the  Unstra- 
TiyiED  Rocks,  with  the  eonaequences  attributed  to 
them. 

Former  races  of  living  animals  and  vegetables,  in 
diftcrcut  waters  and  un  different  hmds,  produced  the 
ohjects  of  this  nutiu-e  now  found  in  rocks  and  frag- 
ments. 

Tlic  successive  consecutions  of  distint-t  parallelijimA 
among  the  Stratified  rocks,  infer  ils  many  distinct 
conditions  of  the  globe. 

Tlie  time  requisite  for  the  production  of  Stk ATI  I'lEU 
UoCKS  and  for  the  rcproduclion  of  Aninntis  mu\ 
VcgetaJ)les,  im]>ly  prolonged  intervals  between  each 
rondition. 

The  powers  which  produced  tlie  un^^tratiiied  rocks 
and  displaced  the  stratified,  were  the  immeiUate  causes 
of  tlie  revolution'). 

Each  change  from  one  Condiiiitit  to  another,  im- 
I  plies  one  Revohuion. 
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The  predominant  Revolutions  have  consisted  in  the 
elevation  of  the  submarine  stratified  rocks;  but,  in  one 
case,  possibly  in  more,  the  revolution  has  been  a  de- 
pression of  rocks  beneath  the  water. 

The  interior  of  the  Earth  contains  a  permanent 
source  of  heat,  competent  to  the  powers  of  fusion 
and  expansion. 

A  certain  portion  of  it  is  permanently  fluid. 

It  contains,  or  has  contained,  cavities. 

It  oonststs  of  matter  heavier  than  any  known  rocks. 

It  approximates  to  the  6gare  which  would  be  pro- 
duceil  by  its  diurnal  revolution  were  it  a  fluid. 

Witjb  respect  to  the  Future,  it  is  iniferred  that  the 
present  actions  are  tending  to  produce  anew  condition, 
analogous  to  that  which  is  just  past. 

The  duty  and  purpose  of  the  imperfect  investiga- 
tion, the  only  one  yet  in  our  power,  is  to  examine  the 
classes  of  Objects  and  Actions,  to  indicate  the  infe- 
rences, and,  lastly,  to  describe  the  remaining  Objects 
which  bel(mg  to  Geology,  as  a  branch  of  Natural 
History ;  or  as  an  Art,  of  which  some  comprise  or 
repeat  necessary  proofs,  others  add  superfluous  ones, 
and  a  third  set  are  as  yet  incapable  of  classification 
for  the  purposes  of  the  Science. 
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On  the  general  Form  and  C'o}}stifu(ion  q/'  the  Globe. 


There  arc  many  jioinls  in  tho  history  nf  our  globe, 
respt'ctintr  wliicli  (ieolog^y  and  Astronomy  imitimllv 
throw  light  on  each  otlicr.  If  the  vuriutionjt  of  gravity 
on  diS'ercnt  parts  of  the  surface,  and  the  pccuHarities 
of  figure  on  wliich  tliey  in  some  measure  depend,  are 
subjects  for  the  especial  consideration  of  the  Astro- 
nomer, it  is  the  duty  of  Geology  to  investigate  those 
cireumstaiiccB  in  the  hiftory  and  condition  of  the 
earth  with  which  they  are  connected. 

Although,  iu  a  popular  and  general  sense,  the  form 
of  the  earth  is  that  of  a  globe,  it  has  long  since  been 
established,  by  the  measurement  of  degrees  on  diffe- 
rent parts  of  its  surface,  that  its  6gure  is  not  spherical. 
'I'hese  trials  having  shown  that  the  meridional  degrees 
increased  in  length  from  the  equator  towards  the 
poles,  it  followed  that  the  radius  of  curvature  was  less, 
or  shorter,  near  the  former  thaii  the  latter,  or  that  the 
eartli  formed  an  oblate  spheroid,  of  which  tlje  polar 
axis  was  less  than  the  equatorial. 

Thus,  that  which  had  been  previously  suspected 
from  mathciuatical  considerations,  became  apparently 
proved  by  mathematical  experiments ;  namely,  that 
the  form  of  the  cai  t!i  tended,  al  least,  to  that  which 
would  resnlt  from  its  fluidity  at  some  period  of  its 
existence,  combined  with  the  rotatory  motion  of  all 
its  parts  on  the  polar  axis. 

For  this  importuut   fuel,    geology  is  indebted  to 


astronomy,  which  thus  pfitahlishcs,  if  not  an  original 
or  subsequnnt  state  of  uaivcrRnl  fluidity  in  the  earth,  a 
saocession  of  actions,  at  k-ast,  in  which  a  certain 
portion  of  ft  has  Pitlier  heen  flnid  at  one  period,  or  at 
aticccssive  periods,  or  has,  in  some  other  way,  heen  so 
posiiussed  of  intem.tl  niobihty  as  to  have  been  capalili- 
of  fultiiling  the  conditions  of  lliis  problem. 

'Nmnerous  experiments  and  ohscrvatiotis.  followed 
by  the  reqnfsite  calculations,  and  from  different  data, 
have  been  made,  at  different  times,  for  the  purpose  of 
determining  the  ejcact  hgiire  of  thJH  spheroid  ;  and  the 
subject  hits  also  recently  been  resumed  with  cousider- 
aHe  ardour  and  anxiety.  Jt  would  here  be  to  trans- 
p'rc^  the  proper  bounds  of  this  sketch,  to  detail  tlie 
whole  of  this  subject,  which  is  of  considei-ablc  extent; 
nor  need  I  even  give  the  wliole  of  wluit  had  been 
concluded  as  to  it  bydiflferent  mathemnticians,  since 
the  more  recent  calculations  will  be  stiflicicnt  for  llie 
purpose  here  in  view.  Tliongh  it  has  resulted,  how- 
evcr^  tbiii  tlie  form  of  this  ellipsoid  is  not  that  which, 
from  ub^tFHCt  mathematical  cousiderations,  it  had  been 
conceived,  we  are  scarcely  yet  entitled  to  snppose  that 
even  the  most  recent  confhisions  have  truly  solved 
this  problem.  But  I  sliall  merely  tabulate  these 
results  without  further  commentary  or  explanation, 
as  they  would  be  un»uitBhle  in  this  place.  The  ellipr 
tiritics  are  given  in  pacts  of  the  ei|uatorial  axis,  as 
usual,  and  require  no  other  explanation. 

1.  Sir  Isaac  Newton  -  "         '         '     ^ 

E2.  Playfatr,  fiom  the  Meridians  of  IVm,  and 
•  between  Dunkirk  and  Perpignan  -      -^  "^ 

3.  Ditto,  from  the  Meridian  in  Peru  and  that 


between  Clifton  and  Dnniiose  -     ^ 

4.  French  report  in   the   Syst^me  Mttrique    ^L 
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5.  La  Plrtce,  froni  fifteen  pf-nduKiins 

6.  Ditto,  a  sct'uiid,  from  move  arcs 

7.  Ditto,  by  aiiiilysis  from   pfiniliiliims,  and 

from  the  lunar  inequalities  arising  from 
its  oblateness  _  _  _ 

8.  Ditto,  a  second,  from  fnrllier  .timilui*  ob- 

servations -  -  - 

9.  Mr.  Ivory  _  .  - 

10,  Sabine,    from    pendulnms   by    ClairanU's 
formtda  .  _  - 

H.  KHo»  from  Kater's  observations 

12.  Ditto,  from  Arago  and  Biot's 

13.  Medium  _  _  _ 

Such  is  tlic  present  state  of  this  qnestion  ;  bnt  it 
has  aho  ])cen  conceived,  from  diflerent  observations, 
that  the  meridians  arc  not  themselves  elliptical ;  and 
the  Uw  of  the  diriiiimtion  has  further  appeared,  to 
some,  to  be  unexpectedly  irregulfirj  as  if  the  figure  of 
the  earth  was  very  complicated;  while  the  examina- 
tion of  measurements  made  to  the  south  of  the  equator, 
at  the  Cape  of  Good  Hope,  and  elsewhere,  seeras 
further  to  prove  that,  so  far  from  being  a  solid  of 
revolution,  the  two  hemispheres  on  the  opposite  aid* 
of  the  equator  do  not  correspond,  either  in  figure 
mafpiitnde.  But  I  must  pass  from  this  subject,  as 
far  too  obscure  to  permit  us  to  feel  satisfied  respecting 
many  of  these  supposed  results. 

If  the  earth  were  a  homogeneous  fluid,  with  th4 
Force  of  gravity  placed  in  its  centre,  und  diminishing 
in  the  other  parts  of  the  mass  in  the  direct  ratios  of  tbeii 
distances  from  that  point,  the  spheroid  must  be  an' 
ellipsoid  of  revolution ;  as  no  otber  form  will  produce 
the  equilibrium  of  all  the  imaginary  columns  between 


A 


I 


the  centre  and  cirriunfcrence,  which,  under  the  cir- 
ciimstancps  of  a  grcuter  ccntrifuprtl  force  in  the  equa- 
torial parts,  and  the  conietiucnt  ciiininution  of  gravitT 
in  these  regions,  must  balance  each  other. 

Now  as,  on  the  surface  of  the  earth,  there  is  a 
diminution  of  gravity  as  we  proceed  from  the  poles  to 
the  equator,  depending  partly  on  the  greater  distance 
of  the  equatorial  surfucc  from  the  centre,  and  partly  on 
the  greater  quantity  of  its  centrifugal  motion,  we  can 
determine  what  this  force  ought  to  ]>e  at  different 
points  ;  and  if  the  Newtonian  hypothesis  be  admitted, 
the  force  of  gravity  at  the  poles  will  exceed  that  at  the 
ctjuator  by  a  simitar  quantity. 

But  the  actual  force  of  gravity  on  the  different  parts 
of  the  surfaai  may  he  measured  by  the  pendulum,  a» 
the  tabular  ^iew  just  given  indicates:  a  greater  number 
of  vibrations  being  performed  in  a  ^ven  time,  in  pro- 
portion as  that  force  increases  at  any  particular  point. 
Thus  astronomy  furnishes  both  calculations  and  exjKv 
riments  from  which  geology  may  derive  information 
relating  to  the  interior  parts  of  the  earth,  and  may 
learn  whether  the  whole  globe  is  of  homogeneous 
density  or  not.  For  if  we  assume  the  Newtonian 
hv]>othesis,  the  force  of  gravity  should  increase  fi'ora 
the  e(juator  to  the  pole,  so  that  the  latter  should  ex- 
ceed the  former  by  —^  part ;  or  if  the  force  of  gravity 
at  the  equator  be  expressed  by  I,  its  increase  at  the 
pole  should  be  U,(K)435.  But  observations  on  the 
oscillations  of  the  pendulum  in  diiTercnt  latitudes  gave 
reafiun  to  suppose  that  this  increase  is  0,00567 ;  and 
hence  it  would  be  inferred  that  the  earth  is  not  homo- 
geneom.  it  has  been  truly  said,  in  obsening  on  this 
conclusion,  that  the  earth  needs  not  therefore  be  stra- 
tified throughout :  nor  is  there  indeed  any  geologist 
who  now  believes  this :  but  when  it  is  said  that  the 
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iucrease  of  deusit)'  towards  tlie  centre  does  not  pre- 
vent it  from  being  a  liomogcneons  substance,  chemh 
Cftllv  spRaking",  it  is  to  conjecture  of  what  cheinistrj 
is  unable  to  compreliend  at  present,  from  not  knowinj 
what  the  conseqnencvs  of  extreme  compression  wotild 
be  on  any  substance. 

Tbe  same  general  results  are  deducibU>  from  tlios 
experiments  by  which  the  actual  specific  gi-avity  of  thi 
globe  of  the  earth  hiu  been  dcterniiued:  it  ought  rt 
ther  to  he  said,  by  which  an  approximation  bus  been 
made  to  the  Holuiion  of  this  problem.  It  is  not  here 
necessary  to  describe  the  experiment  of  Mr.  Cavendish ; 
but  a  brief  sketch  of  that  ol'  Dr.  Maskelync,  will  nut 
be  uninteresting  to  the  geologiral  wader  ;  as  its  accu- 
racy involves  certain  fpiestions  respecting  the  nature  ^ 
and  disposition  of  the  rocks  at  the  surface  of  the  earth. 

In  this  experiment,  a  trigonometricnl  survey  of  t lie 
mountain  Scliihallicn  was  made,  by  which  its  figure 
and  bulk,  as  far  as  tbcsc  were  necessary,  were  aacei^H 
tained ;    Meriitioual  stations    were  then    selected   o^i 
opposite  liides,  and  the  diatance  between   these  bclu^^ 
referred  to  the  known  length  of  the  meridian  at  thi^| 
parallel,  their  latitudes  were  inferred      The  apparent 
difference  of  latitude,  deduced   from   the   iteuitli   di^H 
tance^  of  certain  stars  obsi-rved  from  the  two  station^^ 
being  then  compared   with  that  obtained  from   the 
trigonometrical   measuren)ent,  was  found  to  be  U'',6 
greater.       Thus  the  sum  of  the  deviations  of   tl 
plumh  line  at  the  north  and  south  obsen'atorics  w( 
computed  ;  the  zenith  positions  having  been   separa 
ted  from  each  other  in  consequence  of  the  attractions 
of  the  plummet  towards  the  vertical,  by  tlie  mass  ^M 
the  hill.     By  subsequently  comparing  the  attractiori^ 
of  this  mass  with  that  of  the  whole  earth,  or  to  th 
force  of  gravity,  it  was  found  to  be  as  I  to  1 78(14, 
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e  inean  density  of  the  earth  to  that  of  the  nioun- 
was  afterwards  found  (o  he  nearly  as  9  to  5,  or 
more  precisely  as  17804  to  99;W.  Tims  it  was  con- 
cluded that  il  must  he  cotnpOHrd  o;  !«uh!itai)reK  such, 
ihat  their  mean  density  must  he  nearly  the  <lo(ihlc  o^ 
those  rocks  which  compose  Schihallien.  For  ihia 
purpose*  it  was  necessary  lo  compare  the  weight  of 
(he  matter  comp>Ain^  the  mass  of  this  hill  with  that 
of  water,  or  to  ascertain  its  Sj>ecific  gravity;  an  ele- 
iiH-nt  n*(piin'd  for  determining  the  mean  Specific  gra- 
vity of  the  terrestrial  fjlnhi-,  whirli  was  sought. 

It  was  at  first  assnmed  that  the  Specific  gravity  of 
Schihallien  was  3;  geological  knowledge  not  having 
at  that  time  made  much  prog^ress  in  this  ronntry. 
Geologists  will  be  pleased  in  reflecting,  that  as  the 
luhours  of  mathematicians  and  astronomers  have  con- 
tributed to  throw  light  on  some  of  the  most  obscure 
parts  of  their  science,  so,  in  rettirn,  has  geology  far-» 
Dished  the  means  of  completing  the  data  for  an  aatr<H 
nonitcal  prtiblem,  which,  without  its  assistance,  must 
have  ever  remained  imperfect,  and  produced  erroneous 
results.  The  mineralogical  investigations  of  Mr.  Play- 
fair  reduced  that  specific  gravity  to  ^7  or  2,8; 
and  if  2,73  therefore  he  assumed  as  the  specific 
gravity  of  Schihallien,  it  will  prove  that  the  mean 
specific  gravity  of  tlie  earth,  obtained  in  ibis  way,  \% 
about  5. 

This  dotermiitatioD,  however,  can  only  be  considered 
as  an  approximation  to  the  truth.  It  interests  geo- 
logists, even  more  than  mathematicians,  to  consider 
why  it  is  not  perfect ;  since  the  doubtfnl  element  of 
the  calculation  rests  with  their  science*  It  is  neces- 
sary that  the  actnal  weight,  or  specific  gravity,  of  the 
spheroidinto  which  the  attracting  mass  of  Schihallien 
is  resolved,  should  be  known.     Without  detracliag 


from  the  merits  of  Mr.  PUyfair,  it  h  more  ihuu  <ioubt- 
ful  whether  he  boa  succeeded  in  determining  this 
point.  If  the  form  aud  situation  of  tliis  mountain 
were  such  as  to  ofler  great  conveniences  to  the  mathe- 
maticians engaged  in tliis problem,  ills,  uuforinnatety, 
deficient  In  uiuformity  and  simplicity  of  structure. 
Not  only  is  it  a  matter  of  extreme  difficulty  to  ascer- 
tain the  true  distribution  of  the  strata  throughout  the 
whole  mass,  but  the  specific  gravities  of  ibe  different 
materials  vary  in  such  a  manner  as  to  vacillate  between 
2,4  and  3,  or  even  more.  All  the  strata  Jire,  at  the 
same  time,  elevated  at  high,  but  unequal  angles; 
while  it  is  also  di(Hcult  to  discover  their  relative  pro- 
portions on  the  surface,  and,  still  more,  the  positions 
which  the  rocks  of  different  specific  gravities  assume 
in  the  interior  of  the  mountain ;  a  circnmstanee  of 
considerable  importance,  on  account  of  the  angular 
differences  of  the  action  of  the  several  columns  on  the 
plummet.  The  different  strata,  it  umst  be  remarked, 
consist  of  quartz  rock,  micaceous  schist,  hornblende 
schist,  and  limestone. 

Under  these  uncertainties,  a  true  mean  specific 
gravity  could  neither  be  determined  nor  appUed;  that 
element  could  only  have  been  perfect,  in  tbi*  cdsc, 
when  the  actual  specific  gravity  of  each  attracting  part 
of  the  hiU,  and  the  (juantity  of  cueh,  were  a:>certaincd. 
A  tolerable  approximation,  it  is  probable,  has  uever- 
thclefis  })cen  made. 

It  must  iww  however  be  further  observed,  that  such 
are  the  difficulties  wbirli  attend  an  a<'curatc  solution 
of  thiki  important  problem  by  this  method,  that  the 
plan  pursued  by  Mr.  Cavendish  is  preferred  by  ma- 
thciQatieians,  as  arc  the  results  which  have  Ix'en  ob- 
iaiucd  by  means  of  it.  La  Plnec,  nenrly  foUowing 
this,  makes  the  mean  deufrily  of  the    Earth  to   be    hi 


instead  of  5,  as  Cavendish  had  made  it  5,48,  and 
allows  2i  for  tlie  superBcial.  It  has  been  said  that 
thii)  luttcr  computation  is  tuo  low,  tis  there  arc  no 
rocks  which  are  60  low  in  specihc  ^racity  as  2| ;  and 
it  has  been  pi-oposed  to  make  it  2i,  as  Playfair  has 
donci  so  as  to  allow  5,48,  as  Mr.  Cavondish  had  done 
before,  for  the  mean  density,  or,  taking  a  medium, 
5,4.  But  it  must  be  remembered  that  die  dejisity  of 
the  ocean,  which  is  little  more  than  1,  is  to  be  taken 
largely  into  the  estimate  for  tlie  superficial  parts;  so 
that  Lii  Place's  computation  is  perhaps,  after  all,  the 
ucarost  to  the  truth. 

Jt  now  follows,  tliat  the  matter  which  forms  the 
earth  increases  in  density  from  tlie  circumference  to- 
wards the  centre.  ITic  law  deduced  from  tlie  experi- 
ments on  tlie  specific  gravity  of  the  globe,  coincides 
vith  the  results  whicli  have  already  been  shown  to 
follow  from  comparing  the  ellipsoid  of  the  earth  on 
the  principle  of  its  hoiaogejicity,  witli  observations 
on  the  vibrations  of  the  pendulum.  That  ellipsoid  is 
leas  ouetjual  than  it  should  be  were  it  homogeneous 
throughout. 

The  irrcgulanty  of  the  terreatrial  spheroid  has  been 
ftlready  argued  from  the  measurement  of  degrees  on 
Milferent  parts  of  itii  surface:  it  will  not  be  useless  to 
show  bow  tliis  conclusion  is  thought  to  be  confirmed 
by  obscnatioQS  on  the  variations  in  the  force  oi'  the 
pendulum  in  different  places. 

If  ihe  earth  be  supposed  an  ellipsoid,  the  force  of 
gravity  at  its  different  points  may  be  determined  by 
calculation;  and  hence  the  penduluui  may  be  applied 
to  verify  this  regularity,  just  as  it  was  shown  capable 
of  ascertaining  whether  the  matter  of  the  earth  was 
homogeneous  or  not.  The  figure  of  the  earth  may 
conserpiently  be  deteimined,  either  by  a  direct  measure  - 
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iiietit  uf  the  degrees  on  ditf'erent  parts  of  the  snrfatitj 
or  by  obacn'ations  on  the  length  of  a  pendulum  re--*! 
(|uired  to  produce,  in  the  same  ]>lates,  a  detennincd'j 
number  of  viliration^  in  a  given  time.     On  making* 
thcee  comparisons,  the  coincidence  of  the  results  Ui 
found  to  be  so  imperfect,  us  to  have  led  also  to  thdi 
tonelusjon  that  the  fiirurc  of  the  earth  is  far  more' 
cuniplicated  than  niiglit  have    l>cen  imagined;  and   iti 
has  thus  been  thought  to  present  notable  irregularitics.1 
That  many  of  the  discordant  results  in  question  are^ 
the  con8Cf|uence  of  real  and  important  irregularities' 
in  the  figure  of  the  terrestrial  spheroid,  may  prove  to  J 
l>e  true;  but  many  at  least  may,  witli  equal  probability, ^^ 
be  sought  for  in  the  dispositions^  magnitude,  and  ele- 
vation of  continents,  and  islands,  and  in  the  varying 
depth  of  the    sea;    -while  others    are   probably    the 
consequence  of  errors   caused  by  the  varying  density 
of  substances  which  lie  at  the  surface,  or  constitute 
the  deep(»-  seated  parts  of  the  globe. 

The  consequences  more  particularly   interesting   to 
geology  which  follow  from  the  preceding  obser\'ations, 
relate  principally  to  the  matter  and  the  composition 
of  the  earth,  and  to  the  events  which  have  l>ecn   the 
caiiHcu   of  its    actual    form.     Supposing   the   elliptic^ 
figure  to  be  demonstrated,  and  the  corresponding   i«*^ 
crease  of  lengths  in  isochronous  pendulums,  from  the     ^ 
equator  to  the  pole  to   show  a  regular  increase  o^lH 
gravitation  in  the  same  manner,  the  earth  should  be 
symractrical,  or  the  densities  round  the  centre  equal 
and  regularly  incrciwing  iiiward». 

As  it  is  not  necessary  for  the  present  purpose 
he  very  minute,  it  itisnfhricnt  to  saythat  the  henviei 
rock  with  which  we  arc  afc|uainte<l  at   the  surface 
the  r.irtU  is  about  3,  and  the  lighte*t  little  more  thai 
2\ ;  while  the  specific  gravity  of  the  ocean,  tvhirh  forn 
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hO  large  a  part  ol'tlic  surfart;  hranvly  exceeds  t,     T6 
compute  tijc  mean  density  of  ihc  «(iipcrfie'ia]  paits   of 
ilie  solid  earth,  is  evidently  iiiiposMldu;  Lut  it  probably 
cannot  much  exceed  "ii,  us  already  observed;  and  as 
the  depth  of  the  ocean   has  Iven  proved  by   I-a  Place 
to   be  necessarily  considerable,  while  we  are  equally 
snre  tliat  we  have   deep  access  to  the  earth,  from  the 
elevation  uf  tnountainous  strata,  we  may   safely  snp- 
pose  u  superficial  crust,  of  many  miles  in  depth,  in- 
cluding the  water  and  the   land,  not  exceeding  2>  in 
weight.     But  the  mean  density  of  the  earth  itself  is  5| 
or  more  than  double  that   ([uautitv;  and  hence  the 
iuterior  parts  of  the  glohc  must  poRseNM  n  g^reatcr  sp^ 
cific  gravity  than  5i,  to  counterbalance  this  want  6f 
.weight  at  the  snrface.     It  is  also  clear,  that  this  spe- 
tcific  gravity  must  be  even  such  as  to  be  erjuivaleut  to 
^<hat  of  many  metals ;  and  hi^nee  it  has  been  conjectured 
tlwt,"  instead  of  being  formed  of  rock,  the  interior 
parts  of  the  earth  must  be,  in  some  de;;rce  at  least,  of 
a  metallic  nature.     If,  as  was  also  shown  from  mathe- 
matical c-Oiisidcra lions,  there  is  a   gradual  increase  of 
density  towards  the  centre,  it  becomes  still  more  prd- 
bable,  that  the  nucleus  of  the  earth  is  tnetallic.     This 
supposition  has  been  supposed  to  receive  additional 
force  from  the  phenomena  of  magnetism ;  tlie  nature 
and  position  of  the  uiaguetio  centres  having  been  ima- 
gined to  imply  the  existence  of  a  central  mass  of  iron": 
and  it  is  thought  to  be  confirmed  still  further  by  those 
chemical  facts  which  leach  us  that  the  rocks  arc  formed 

of  metaUic  oxydes, 

But  what  the  density  of  the  centre  of  the  globe 
ought  to  l)e,  on  this  view  of  its  structure,  has  also 
been  computed  on  the  theory  of  compressibility.  If 
&,4  be  taken  as  the  mean  density,  instead  of  5,5  as 
giveu  by  La  J*lace,  and  tlie  elliplicities  be  taken  rfc^ 
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spectively  at  ^,  ^,  ^,  and  ^  the  superficial  *len- 
nities  being  aKSUiiied  as  3.13>  3.2,  2.7!),  and  2.60, 
Ihc  densities  at  tlic  centre  will  be  13.25,  14.54, 
15.78,  and  20.10  respectively.  The  least  of  lliesc,  it 
is  apparent,  is  nearly  double  that  of  iron,  and  the 
grf  atest  exceeds  that  of  gold.  Hence  we  must  rcmaia 
utterly  al  a  loss  resjMJCting  the  true  nature  of  its  in- 
terior [Kirts;  nor  is  there  aught  to  be  ^incd  by  cou- 
jcctures  on  this  unattainable  subject. 

It  reoiaius  to  consider  in  vfaat  manner  the  earth 
has  assumed  that   form  which,  if  it  is  not  actually  a 
spheroid  of  revolution,  approaches  to  it  in  a  general 
luuuner;    being   modified   by   greater    or    less   irre- 
gularities.     These    irregularities    are    peculiarly    in- 
teresting to  geology;  since  they  must  be  considered 
^H  depending  on  other  causes  tljan  those  ^om  which 
[the  earth  would  have  assumed  the  true  shape  of  the 
jcllipsoid  of  revolution.     No  theory  of  the  earth  can 
l^c  perfect  which  does  not  provide  for  both  ;  but  geu- 
flogy  can   only  offer  f>ome  detached  reasonings  uii  tlie 
I  subject,  unsupported  as  it  is  by  a  fiutiicicnt  foundation 
I  of  facts. 

The  subject  natundly  divides  itself  into  two  parts; 
namely,  a  consideration  of  those  supposed  irregulari- 
ties which   cause   the  general  form  of  the  earth  to 
'deviate  from  the  ellipsoid  of  revolution,  and  of  those 
[minor  ones  which  produce  the  mountains,  the  cavities 
>of  the  ocj^an,  and   the  other  irn>gularities  visible  on 
the  surface. 

Jlie  essential  and  simple  condition  to  the  ellipsoid 
of  rotation  is,  that  the  whole  earth,  or  a  certain  consi- 
[^erablo  portion  of  the  surface,  namely,  that  part  cou- 
►tained  between  the  surface  of  the  terrestrial  spheroid 
\»nd  the  sphere  inscribed  within  it,  shouhl  at  one  time 
Ijiave  been  iluid.     It  dues  not  possess  suiHcient  con- 
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dittoita  at  present;  its  parts  being  actiiiiictl  by  fnrccA 
orrohe.sion  too  considerable,  to  allow  it  to  assume  the 
forms  depending  on  statical  pressure  and  the  velocity 
of  its  revolution. 

It  renuins  ihcreiorc  to  be  cxpUum-d  by  geology, 
bow  that  form  wbiih  has  been  shown,  under  certain 
irregnlaritics,  to  exist,  is  connected  wilh  the  geological 
history  of  the  earth.  Hence  the  doctrine  of  a  primeval 
state  of  fluidity  in  the  whole,  or  iu  a  large  portion  of 
the  globe,  has  formed  a  fundamental  part  of  iht; 
hypotheses  of  all  geologists  ;  though  one  party  has 
attributed  that  fluidity  to  water  and  the  other  tu  fire. 

Another  suggestion  has  however  been  ofiered; 
namely,  that  the  mass  of  the  earth  is  at  present  fluid, 
and  that  all  the  solid  and  superficial  parts  invest  it,  as 
if  floating  on  tlie  surface.  I'lie  flotation  is  not  inenn- 
aistent  with  mathematical  laws  ;  hut  unle9«  a  very  con- 
siderable depth  be  assumed  for  the  solid  portion^  this 
sappositiun  does  not  explain  the  greater  variations 
from  the  tme  statistical  figure,  which,  if  they  should 
really  exist,  it  will  have  overlooked. 

'llic  present  state  of  the  earth  affords,  not  only  oo 
indications  of  universal  fluidity,  hut  not  even  any 
mark  of  a  past  fluidity  of  all  its  superficial  parlrt. 
Further,  chemical  considerations  show,  that  the  ius<i- 
hible  nature  of  the  rocks  or  their  constituents  is  such, 
that  no  quantity  of  water  can  at  uny  time  have  hcen 
present,  sufHcienl  for  that  pnri>oso,  without  |>roducing 
cfiects  incompatible  with  the  gejieral  niotious  of  the 
atrfar  system ;  sinrc,  on  tlie  most  favourable  of  the 
tvo  suppositions,  the  water  necessary  to  this  purpose 
would  exceed  the  earth  iu  a  ratio  greater  than  that  of 
'I  to  I.  Nor  does  chemistry  provide  any  method  of 
abstracting  or  destroying  that  water  after  its  suppi)«Ld 
duties  had  been  fulfilled.     If,  on  the  contrary,  we  atlri- 
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biile  tlie  fluidity  of  llie  I'arlli  to  iire,  the  dirticulty,  if  it 
Iw  supposed  one,  may,  in  the  same  way  as  in  the  cuse  of 
snhitioii  inwAter,  be  (linii]]i»Ii<?d  by  limitinc:  the  fusion 
to  the  same  crust  covcrin|;  tlie  inscrilHHl  sphere,  of 
which  the  diaineter  is  nearly  roiiicideiit  with  the  length 
of  ilic  Polar  JLxis.  But  though  it  is  demonstrable  that 
the  great  mass  of  the  superficial  rocks  has  been  depo- 
sited from  water,  tliat  fact,  as  of  more  recent  date* 
is  not  incouipHtible  with  such  u  theory.  Adopting 
tliis  suppositicHi,  we  must  however  explain  the 
loss  of  that  heat  which  must  have  been  extricated 
on  the  cooling  oi*  such  a  mass.  For  this  purpose^ 
recourse  has  becu  had  to  the  chemical  chants  and 
couibinationg  in  which  heat  is  absorbed  or  becomes 
latent ;  and  if  this  explanation  is  attended  with  diHi- 
t  ullies,  it  is  conceived  that  the  doctrine  of  radiutioa 
oflers  a  satisfactory  solution. 

"That  the  planetary  bodies,  as  well  as  the  s<dar  ones^ 
Tuast  and  do  radiate  their  heat  into  free  space,  is 
a  dijctrine  t(»  whicli  wc  cannot  well  refuse  our  assent; 
and  thence  the  mean  tempcniture  of  the  ambient  void, 
imperfectly  indicated  by  that  of  our  own  polar  regions. 
It  is  almost  unaeccssary  to  say,  that  if  the  earth  was 
even  that  heated  body  which  this  theory  supposes,  it 
uiMbt^  like  a  solar  one,  have  radiated  its  heat  until  itti 
surface,  at  least,  had  subsided  to  that  temperature; 
omitting  licre  any  consideration  uf  the  solar  action. 
Uence,  tlic  cooling  of  the  earth  from  a  high  state  of 
A>nner  beat,  is  not  tlie  impossibility  which  has  been 
imagined ;  while  the  laws  which  regulate  its  progress 
through  conducting  bodies,  would  permit  the  ca- 
existeiKc  of  the  present  superficial  iemperature  with 
any  imagiiialde  one  In  its  interior  parts. 

Jlut  another  hypothesis  to  explaiu  the  statical  hgure 
of  the  earth  has  been  jiroposcd,  founded  on  the  changes 
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which  it  is  actually  iintlergoiiig'.  an<l  appears  to  have 
undergone,  from  the  waste  tif  its  surfucc  and  the  pro- 
trusion of  rocks  from  its  interior  parts. 

If  it  were  a  solid  sphere  surrounded  by  an  ocean  of 
a  limited  depth,  and  that  a  certain  movement  of  ro- 
tation became  comnumicatcd  to  it,  the  water  on  the 
equatorial  regions  would  rise  so  as  to  produce  a  zone, 
while  the  polar  surfaces  would  beeouie  dry.  'Jims  the 
division  of  sea  and  land  would  form  two  circuinpolar 
nontinents  with  an  intermediate  ocean.  If  again  it  he 
imagined  tlint  from  any  causes  of  destruction,  the  ex- 
posed land  were  worn  down,  and  its  ruins  carried 
forwards  into  this  sea,  a  series  of  strata  would  be 
formed,  inducing  a  disposition  to  the  statical  figure 
of  the  solid  earth.  The  ultimate  Result  of  this  change, 
is  the  cllip&oid  already  mentioned.  At  the  same  time, 
tlie  unequal  hardnc»s  of  tlic  originally  exposed  land, 
would  be  the  cause  of  irregularities  in  its  new  form, 
similar  to  those  existing  on  the  dry  surface  of  this 
globe.  Under  similar  circumstances,  be  the  actual 
fignrc  of  the  globe  and  its  irregulanty  what  they  may, 
there  would  be  the  same  coustaut  approach  to  the 
statical  figure ;  nor  could  any  rest  take  place  till,  bv 
tlie  general  balance  of  forces,  this  ultimate  form  had 
been  assumed.  The  only  Bgure  calculated  to  resist 
the  eflect  of  gradual  changes,  is  that  which  is  pro- 
duced by  the  changes  themselves. 

The  result  of  this  reasoning  is,  that  any  spheroid  of 
solid  matter,  which  is  partly  covered  with  water,  and  is 
subject  to  those  actions  of  waste  above  it,  accompanied 
by  processes  of  reconsolidation  beneath,  which  exist 
in  the  earth,  most  ultimately  assume  the  form  of  an 
ellipsoid  of  rotation,  as  perfectly  as  if  it  had  been  fluid 
throughout.  Time  alone  is  necessary  for  that  per- 
fect change;  and  it  is  supposed  that  we  have  no  rea- 
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»ont  f*)r  limiting  ilie  time  throui^Ii  which  the  gU>1>p 
of  the  earth  lias,  in  some  form  or  other,  existed. 

It  is  csteeuied  another  argument  in  favour  of  litis 
view,  that  while  it  cxpliiins,  ct|ually  well  with  the  hy- 
pothesis of  fluidity,  the  general  statical  form,  it  also 
accounts  for  those  irregularities,  great  as  well  as  small, 
by  which  that  is  supposed  to  l>c  modified.  Revolu- 
tions of  the  surface  occurring  during  the  system  of 
progressive  change,  counteract  the  ultimate  result: 
while  original  inequalities  of  figure  or  of  hardness, 

I  and  greater  power  of  resistance  in  certain  parts,  will 
nlso  explain  why,  even  during  so  long  a  period  of 
time  as  may  safely  bo  granted,  a  more  perfect  general 
figure  has  not  yet  been  obtained.     The  lij-pothebis  of 

I  universal  fluidity  is  said  to  be  comparatively  deficient ; 
as,  tinder  this  theory,  no  deviation  from  the  slatitral 

(figure,  beyond  those  irregularities  which  constitute  the 
immediate  surface  of  the  land,    ought  to  have  oc- 

[curred. 

A  plausible  hypothesis  is  not  however  necessarily 

|true.     Geological  readers  need  scarcely  be   informed 

^by  whom  this  one  was  proposed ;  and  it  is  not  ditficult 
to  perceive  the  hias   by   which  he  was    influenced. 

iThe  presumed  irregularities  of  the  earth  by  which  it 

[was  chiefly  supported,  are  by  no  means  ascertained. 
Mathcmuticiaus  arc  far  from  satisfied  respecting  those 
deviations  which  I  have  noticed  in  this  chapter,  and 

Kon  which  it  was  the  business  of  this  hypothesis  to 
dwell.  The  ap]>artnt  irregularities  of  the  meridians 
M'hich  have  been  deduced  from  observations  in  Eng- 
land or  elscwiiere,  have  not  convinced  astronomers 
that  the  earth  is  that  irregular  body  which  it  con- 
ceives. 
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CHAP.   IV. 

On  the  general  Dispatition  of  the  Surface  of  ttn 
Globe, 


To  L-u»biDER,  in  all  its  details,  tbe  subject  whicli 
^forms  the  title  of  this  Chapter,  would  be  to  trespass 
on  the  province  of  Physical  Geography.  But  this 
department  of  Geographical  science  is  iit  so  many 
jiniots  implicated  with  geology,  that  it  is  iinpossiblu 
to  avoid  bestowing  on  it  some  consideration,  althungh 
it  cannot  here  be  allowed  a  large  space.  If  it  is  the 
business  of  the  Geographer  to  trace  the  outlines  of 
coasts  and  islands,  und  the  directions  of  chains  of 
mountains,  it  is  that  of  the  geologist  to  assign  the 
positions  and  courses  of  the  strata  by  which  these  have 
been  modified  or  detcnnined.  Geology  teaches  the 
Geographer  the  nature  of  the  changes  by  which  lakes 
have  been  obliterated,  by  which  rivers  have  changed 
their  courses ;  it  conducts  him  from  the  mountain  to 
the  plain,  and  shows  him  why  that  which  was  once 
sea  is  now  firm  land.  Jn  contemplating  the  rocks  of 
Niagara  it  foresees  a  period  when  that  torrent  shiiU  no 
longer  plunge  into  the  abyss  below;  and,  in  viewing 
the  fires  of  iEtna,  it  detects  the  causes  that  erected 
the  splendid  colonnades  of  Stafl'aand  Sky. 

Of  the  Distribution  of  Sea  and  Land, 

The  most  prominent  circumstance  in  the  surface 
of  the  earth  relates  to  the  general  distribution  of  sea 
and   land;  and  if  thiit  which  appears  to  be  the  next 
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romaikiihle  iVatnre,  namely,  the  iiiecjualily  of  its  ele- 
vations, be  considered,  it  is  plain  tliat  these  arc  merely 
convertible  propositions.  With  tlie  forms  of  conti- 
nents or  the  disiribntion  of  inlands,  geolog:y  can  there- 
fore have  nQ  concern,  otherwise  than  as  these  are 
necessary  conser[nc«ces  of  differences  of  elevation,  ami 
arc  dependent  on  Geological  causes. 

Those  who  have  treated  of  physical  geography, 
have  attempted  many  generalizations  on  this  subject;, 
hut  tliese  seem  to  astablisli  no  principles,  and  they 
add  nothing  to  that  knowledge  which  may  be  derived, 
with  much  more  ease  from  tlie  inspection  of  a  terrcft- 
trial  globe.  If  wc  examine  what  has  been  written  on 
tlie  directions  of  Capes  and  coasts,  or  the  correspon- 
dences of  bays  and  head-lands,  we  shall  find  nothing 
which  can  i>e  referred  to  any  general  law.  Whatever 
modifications  exist,  they  are  particular  cases;  and,i 
wherever  they  occur,  they  depend  on  the  altitudes  and 
directions  of  elevated  land,  or  on  the  positions  of  the 
mouths  of  rivers;  circumstances  which,  as  far  as  they 
are  subject  to  any  rules,  will  1ki  examined  hereafter. 

'Hie  greatest  elevation  of  land  has  been  mea.sured; 
but  its  greatest  depression,  being  concealed  by  the 
sea,  is  beyond  the  reach  of  our  instruments.  Tlius  we 
arc  still  ignorant  of  the  ipiantity  by  which  the  leaAt 
extreme  diameters  of  the  solid  earth  differ  from  tbttj 
mean  mathematical  ones. 

But  by  La  Place's  computation,  founded  on  the 
theory  of  the  tides,  the  meau  depth  of  the  sea  must 
be  four  leagues.  Ifwca(buit  that  to  he  only  its  ex 
treuie  depth,  and  that  the  height  of  the  Himalya  ridge 
is  5  miles,  we  shall  have  a  mininnmi  diameter  differing 
from  the  greatest  by  ~  part,  nearly,  of  the  mean. 
But  whatever  the  maxiuuun  dilforeiiccs  of  such  in- 
e(|tialities  are  now,  it  is  ccruiu  that  they  Iwive  once 


boon  mnch  mor«  considerable .  This  is  proved  by  tlie 
degradatiun  of  mountains,  and  by  the  formation  of 
submarine  deposits ;  circumstances  by  which  there  is 
a  constant  trndcncy  to  restore  the  mean  diameter 
throughout  the  globe,  and  thus  to  afford  the  means, 
uot  only  of  producing  at  some  future  time  a  spheroid 
more  regular  than  thr  present,  but  of  couducing  to- 
wards tlie  perfection  of  that  6gure  treated  of  in  the 
last  Chapter. 

Little  as  we  know  respecting  the  form  of  the  bottom 
of  the  sea,  it  is  still  certain  tliat  it  possesses,  like  the 
surface  of  the  dry  land,  its  mountains  and  valleys. 
The  soundings  of  mariners,  limited  as  they  yet  are, 
have  proved  that  which  might  have  been  inferred 
witliotit  experiment.  Between  (ireenland  and  Ame- 
rica, this  shoaling  of  the  water  produces  that  sub- 
marine bill  on  which  the  icebergs  ground  and  rest  so 
late  in  the  summer  as  to  impede  the  navigation  across 
the  bay  when  it  is  free  along  the  shores.  On  th^ 
coasts  of  Newfoundland,  and  in  many  places  round 
our  own  islands,  siuiilar  elevations  are  the  favourite 
resorts  of  Cod  and  other  fish,  producing  the  cod  banks 
of  fishermen;  while  those  hills,  elevated  to  a  still 
greater  altitude,  form  the  islands  that  are  everywhere 
scattcR'd  OTcr  the  ocean.  The  sounding  line  often 
detects  the  forms  anil  extent  of  these  when  the  depths 
arp  not  too  considerable,  and  discovers,  that  as  on* 
short",  they  vary  in  the  steepness  of  their  acclivities.' 
In  the  same  way,  vallies  are  fonnd  depressed  beneath' 
the  general  surface  of  the  bottom;  as  are  the  beds  of 
our  lakes  on  the  land:  and  On  the  coasf  of  Shetland,' 
these  vallics,  presenting  a  sndden  depth  of  sevetli 
hnndrcd  feet,  or  nint-e,  are  the  favourife  haunts  *tf 
the  Ling,  as  the  hills  are  of  the  Cod.  •"^"  ^"'''  '""*'>'» 
'   Were  it  fibt  known  to  be  the  fact,  it  might  easily" 
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be  conclufled  that  the  luw  luiida  were  bounded  b] 
shallow  seas,  and  that  deep  seas  accompanied  moun- 
tainous shores.     The  soundings  of  mariners  have  long 
since  proved  this  to  be  the  case;  and  it  has  often  been 
turned  to  use  in  navigation  and  pilotage.     The   fri- 
gate that  dares  not  carry  sail  on  the  coasts  of  HoUaa^|fl 
or  England  without  the  constant  use  of  the  lead,  stands 
on  fearless  through  the  narrow  fiords  of  Norway,  rakin| 
the  cliffs  with  her  yard  arms.     Where  the  sestuari* 
of  rivers  enter,  there  also  shoal  water  is  to  be  exjwctcd ; 
and  this  state  of  the  bottom  often  extends  to  a  great 
distance,  as  at  the  mouths  of  the  Oroonoko  and  tl 
Plate  river. 

If,  lastly,   the  submarine  surface  be  examined, 
will  rarely   be  found  nuked  and  rocky  ;  and  only  80  in 
thos^'  places  where  it  rises  into  acute  peaks  or  sodden 
elevations.      Like  the  land,    it    is    covered   with    an 
alluvium :  forming  the  soil,  in  some  places,  on  which    , 
submarine  vegetables  grow,  where  shell  fish  resid^fl 
und  where  fishes  deposit  their  spawn ;  but  answerin^^ 
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the  far  more  important  pur[)osc  of  laying  the  founda^J 
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deposit  their  spawn ;  but  answering' 
lortant  puri)osc 
tion  of  future  terrestrial  strata. 

Of  Mountains  and  f^allei/s. 

The  most  conspicuons  objects  on  the  land  are  t 
monntains  ;  those  repositories  in  which  the  Geolog 
reads,  in  tke  most  intelligible  language,  that  which 
is  his  object  to  Icara.  Much  has  been  written 
respecting  tbeir  arrangement  and  distribution;  and, 
with  the  usual  morbid  love  of  generalization,  much 
baa  been  laid  down  which  is  little  better  than  ima- 
giijkary.  The  leader  must  not  expect  to  find  here  a 
technical  language  which  is  founded  on  attcuipts  to 
define  that  which  is  indefinite:  a  minute  logic  dealing 
ip  words  rather  than  things,   and  producing  the  usual 
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resurls  that  have  always  been  produced  by  unideal 
phraseology. 

TTie  elevations  of  mountains  present  the  first 
p&lpablc  object  of  curiosity,  and  one  which  has 
assuredly  met  the  full  consideration  which  it  deserves, 
excepting:  as  it  uuiy  be  esteemed  a  mere  fact.  This  is, 
however,  a  natural  consequence  of  the  awe  produced 
hy  the  bulks  and  fonns  of  these,  by  the  desolation  and 
nakedness  in  which  nature  is  here  displayed*  and  by  the 
picturesque  effects  or  tlie  terror  consequent  on  the  at- 
mospheric phcnouieua  in  which  they  abound.  It  is 
here  that  man  can  best  compare  himself  with  the 
objects  around ;  where  he  becomes  most  conscious  of 
the  insignificant  spot  which  he  occupies  on  the  earth. 

The  highest  elevation  of  the  globe  is  that  of  the 
Hiuidlya  mountains,  which  form  the  sources  of  the 
principal  rivers  of  India.  I  will  not  here  do  more 
tlian  allude  to  certain  similar  elevations  lately  asserted 
to  exist  in  Peru,  as  they  have  not  been  verified.  The 
altitude  of  the  HimsUya  appears  to  have  been  at  length 
satisfuctorily  determined,  attaining  to  25,749  feet. 
But  as  this  is  a  subject  of  a  numerical  nature,  it  is 
best  to  select,  from  the  tables  often  published,  a  few 
of  the  most  conspicuous  elevations  throughout  the 
world,  'llicy  whose  curiosity  on  this  subject  extends 
further,  tnay  refer  to  records  that  are  in  the  hands  of 
everv  one. 

'■■Til 

Suowduu,  the  Jiighest  uf  England  -  -  3,5f>8 
Scotiand.     Ben  Lawers,  Ben  Nevis,  and  Beii 

Mhuc  UliuWi,  iibovc        -        -        -  4,000 

Macg:iUicuddy's  Kecks.     Ireland  -  -  3,404 

Icehuid.     Sn^fell  -  -  -  0,868 

NorwAV-     Swickee  _  _  .  6,658 
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Sweden.     Areskutan 

Hanover.     B  rocken 

Bohemia.     Ochsenkopf 

Switzerland.     Mont  Blanc 

Tyrol.     Oertler  Spitz 

Saltzburg.     Ostellc 

Hungary.     Lomnitz;  Carpathiaiii 

Spain.     Vic  Blauc.     Pyrenees 

France.     Canigou 

Italy.     Etna 

Vesuvius 

Turkey.     Lebanon 
-'.''■'   Ararat 
Orcecc.     Olympus 

Ida 

"'  '   " —    Athos 
Thibet.     Hiradlya 
Teneriffe.     Pico 
Caucasus.     Elbronz 

' Mginwary 

South  America.     Chimborai^o 

Jamaica 

North  America.     Mount  St.  Elias 

North  Pacific.     Mouna  Roa 


6,180 

3,690 

3,980 

15.680 

15,430 

12,800 

8,640 

10,205 

9,290 

10,963 

3,900 

9,520 

9,500 

6,500 

4,960 

3,353 

25,749 

12,236 

16,700 

14,400 

20,909 

7,431 

12,672 

12,700 


The  arrangement,  or  distribution,  of  monntains, 
whether  as  it  relates  to  the  general  surface  of  the 
earth  or  to  particular  tracts,  has  been  a  subject  of 
much  discussion,  and  of  dis>tcrtations  not  a  little 
tainted  by  error  and  prejudice.  An  imaginary  regu- 
larity of  extended  chains  from  S.  W.  to  N.  E.  ha«  not 
only  been  stated  with  as  much  confidence  as  if  tl 
really  existed,  but  it  has  even  been  iisscrtcd  that  all 
the  great  chains  of  the  eaHh   preserved   u.  gt^nrral 


J 


parallel  ism,   and  lay  between  certain  &xed   points  of 
the  compass. 

This  fact,  real  or  imaginary,  but  suflidently  real  in 
certain  places,  has  been  connected  with  another  rir- 
cumitance,  namely,  that  the  strata  themselves  held  the 
same  general  directions,  and  that,  at  the  same  time, 
they  were  parallel  to  eac:h  other.  Within  small  dis- 
tances, paralkdisni  and  bearings  on  tlie  rompasx  will 
doubtless  agree ;  bnt  if  it  be  attempted  to  generalize 
this  agreement  for  much  larger  spaces,  or  for  the 
whole  glohc,  the  want  of  thought  which  dictated  this 
conclusion  becomes  detected.  It  is  evident  from  the 
doLlriuc  of  tlic  sphere,  which  has  been  overlooked  in 
these  reasonings,  that  two  strata  with  north  bearings^- 
for  example,  however  parallel  for  a  short  distance^ 
will  intersect  at  the  poles  if  indctinitely  prolonged ;' 
and  that,  if  meeting  from  a  quadrant's  distance,  they 
will  cross  each  other  at  right  angles.  It  will  be  shown 
in  another  place,  that  the  directions  of  strata,  even 
for  small  spaces,  do  not  always  regulate  those  of 
mountainous  ridges  ;  although  there  is  unquestion- 
ably, in  many  parts  of  the  world,  a  great  consistency 
in  the  elevations,  and  consequent  bearings,  of  the 
stratified  rocks.  ; 

With  respect  to  the  consistent  parallelism,  simi- 
larity, or  direction,  of  extended  elevations,  we  have 
Saussure*3  authority  for  the  great  irregularity  of  the 
Alps,  and  Ramond's  for  that  of  the  Py**^"^^*.  The 
Cordillera  of  Mexico  is  an  elevated  platform,  never 
less  than  5000  or  6000  feet  in  height ;  nearly  parallel 
to  the  western  ocean,  and  the  higher  summits  are 
irregularly  placed  upon  it.  In  India,  the  Ghaut*' 
flank  the  western  side  of  the  peninsula,  and  their 
summit  is  an  irregular  platform.  The  high  ridge  of 
Peru  is  not  a  chaia,  nor  does  it  even  i-escmble  that  of 
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Mexico ;  since  the  debited  SQmmits  form  its  crest, 
and  it  is  intersected  by  deep  transverse  vallies.  The 
Norwegian  mountains,  in  the  same  manner,  haye  a 
northerly  direction.  Tiius  there  arc  exceptions  aaf- 
ficent  to  prove  that  the  extension  of  mountain  chains 
from  N.  E.  to  S.  W.  is  imaginary.  But  to  examine 
the  real  directions  of  all  die  ridges  and  elevations  of 
the  globe,  is  the  business  of  physical  geography, 
it  is  suiHcicnt  for  the  present  puq^ose  to  state  the  ex- 
ceptions, thatnofallacions  geological  conclusions  may 
-  be  drawn  &om  an  ideal  and  universal  direction.  And 
when  it  is  stated  that,  in  the  Pyrenees,  tlie  direction' 
of  the  strata  is  £.  S.  E.,  in  Sweden  mid  Fiuland  S. 
and  S.  S.  W.,  in  Scotland  S.  W.  and  S.  S.  W.,  in 
Mexico  S.  £.,  and  in  the  Allegany  S.  W.,  it  wiU  not 
be  necessary  to  produce  a  greater  approximation  of 
examples. 

With  respect  to  the  particular  distribution  of  the 
subordinate  piu-ts  of  any  group  of  mountains,  whether 
extended  or  otherwise,    it  is  subject  to  irregalaritiea 
that  admit  of  no  rule  ;    though  it  has  been  the  sotirce 
of  much   trifling  discussion   and  of  many  frivolous 
distinctions.     If  mountains  had  been  formed  luid  dis- 
posed every  where  by  some  invariable  law,  and  agaiu 
acted  on  and  demolished   by  other  iuvariablc  laws, 
such  enquiries  might  claim  the  merit  attached  to  the. 
iiivestigatiou  of  truth,   and  lead  to  eventual  utility/ 
It  IB  almost  ftuperflnous  to  say  that  neither  of  thete 
is  the  fact.    They  consist  of  various  rocks,  of  unequal 
qualities,  unequal  forms,  and  uoeqiiul   distribution  ;' 
and  they  have  been  acted  on  so  us  to  have  lost  their' 
origioul  forms,  by  caiiscs  which,  in  the  ordioaiy  ac- 
ceptation of  the  term,  have  been  regulated  by  chance. 
That  au  irregular  couotdal   mountiun    rising  from  a 
plain,  should  possess  a  summit  higher  than  all   the 
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suiTonndiiig  ones  which  fonii  its  sideSj  is  a  mere  r^' 
petition  of  the  proposition  itself;  and  that,  among 
inany  eminences,  mie  or  nioie  should  be  higher  than 
the  others,  is  an  aiTangement  that  might  be  expected. 
If  rivers  run  down  the  sides  of  a  lengthened  declivity 
they  must  in  time  produce  ridges  at  angles  to  its 
course ;  and  where  these  riversi  themselves  hcnd  at 
angles,  their  boimdarirs  mnst  correspond,  or  a  salient 
angle  must  be  opposed  to  a  re-entering  one.  These 
are  tmisms  which  a<ld  nothing  to  knowledge ;  and  the 
discussion  of  thetn  may  l>e  left  to  those  in  whose  eyes 
they  possess  estimation. 

As  the  direction  of  mountain  ridges  has  been  said 
tu  l>ear  a  certain  constant  relation  to  the  meridian,  so 
it  has  been  asserted  that  the  steepest  declivities  and 
precipice*  always  respected  one  point  of  the  horizon. 
A  predominunt  North-west  declivity  has  been  sup- 
posed, for  example,  to  exist  in  Scotluiid  ;  and  indeed 
those  who  have  directed  all  their  mountain  chains  to 
the  North-east,  have  placed  their  precipices  to  the 
North-west.  By  comparing  testimonies,  the  state  of 
the  facts  will  soon  appear ;  and  it  will  then  be  time 
enough  to  shew  what,  from  geological  considerations,, 
they  ought  to  be. 

Bergman  first  appears  to  have  remarked  that,  fe^ 
North  ridges,  the  western  declivity  was  steepest,  and 
in  east  ones  the  sonthcm  ;  hut,  in  quoting  his  exam- 
ple*, he  has  overlooked  the  exceptions.  'ITie  obser- 
vations of  BufTun,  Dc  La  Metberic,  and  others,  rest 
on  similar  grounds  j  and,  according  to  Forster,  the 
soatfa  and  south  east  sides  are  the  steepest.  In  the 
Crimea,  in  the  Hartz,  in  the  mountains  which  sep»^ 
rate  Saxony  from  Bohemia,  and  in  the  Carpathians, 
the  eoothern  declivity  is  the  most  rapid ;  as  is  also  the 
cue  in  Guiana,  according  to  Coadauine.     The  chain 
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that  separates  Norwny  from  Sweden  is  steepest  ou  it« 
western  side ;  as  are  the  chains  of  the  Oural,  the 
Ghauts,  the  Cordillera,  and  the  mountains  of  Syria. 
Tlic  mountains  of  Kamtschatka  are,  on  the  contrary, 
said  hy  Pallas  to  be  steepest  on  the  eastern  sides ; 
while  those  which  separate  Silesia  from  Bohemia,  the 
Meissner  in  Mcssia,  u  considerahle  portion  of  t 
Pyrenees,  and  some  of  the  mountains  of  Armenia  an 
Caucasus,  are  described  as  being  most  abrnpt 
their  northern  declivities).  In  Scotland,  there  is  no 
prectominant  tendency  to  be  traced  any  where 
although  the  cause  from  which  sncb  tendencies 
;vctually  arise,  exists  in  that  country. 
,  Such  are  the  facts;  and  on  examining  the  causes, 
this  irregularity  is  justified.  It  would  require  four 
a.rraiigcinonts  to  render  an  universally  prevalent  decli- 
vity true  ;  and  neither  of  these  exists.  The  ridges 
ought  to  have  a  predominant  direction,  that  directiuoi 
should  be  the  same  as  that  of  the  strata,  the  dips  o£ 
these  strata  should  be  always  to  the  same  point  of  the, 
horizon,  and  all  mountains  should  consist  of  stratified 
rocks. 

J t  is  only  re<]uiHite  to  deteriuine  tlie  inclination  of. 
the  strata  in  stratified  mountains,  and  their  greatesfi 
declivities  will  appear.  It  is  necessarily  found  at  the 
side  of  the  elevated  edges  ;  as,  on  this  (juartcfj  tliejr" 
are  most  subject  to  disintegration.  There  cannoti 
therefore  be  a  predominant  declivity,  cither  in  tliBj 
cases  of  horizontal  or  vertical  strata,  or  where  tbe^ 
direction  of  (he  strata  crosses  the  line  of  the  ridge  ;  as> 
it  does  in  some  cases.  Jt  could  nut  be  found  univer-^ 
sally  in  one  (luarter  of  the  hori/on.  noless  all  chains 
had  the  same  direction  and  all  strain  the  same  incli*. 
nalinu;  nor  could  it  even  beiu*  a  respect  tu  the  direo- 
tk)n»  of  individual  ridges,  unless  the  inclination  of; 


I 


L 


their  strutu  was,  in  all,  analug^ous.  And  Uutlr,  us 
granite  and  trap  arc  not  stratified,  they  can  l>c  sub- 
ject 10  no  laws  ;  so  that  their  precipitous  sides  iuu!>t 
be  determiaed  by  a  variety  of  incidental  causes. 

But  some  causes  of  i^rcat  moment  havinj^  been  as- 
signed by  great  naiues,  for  facts  which  seem  to  have 
no  existence,  it  is  necessary  to  notice  thcin,  lest  this 
subject  should  appear  to  have  been  treated  too  lij^htly. 
Forstcr  and  Pallas  have  explained  the  imaginary  ge- 
neral declivity  of  mountains,  by  a  system  of  currents 
flowint^  in  that  direction  ;  and  Kirwan^  findiiit:  two 
declivities  to  contend  with,  has  been  compelled  to  in- 
vent two  diluvian  torrents.  It  is  admitted  that  there 
may  be  more  alluvium  or  soil  ou  one  declivity  of  a 
mountain  than  another,  and  that  this  may  be  a  general 
featnre  in  particular  districts,  as  it  is  said  to  be  in  some 
part  of  Scotland.  But  all  which  this  naked  facts  proves 
is,  tliat  the  alluvial  soil  finds  an  easier  resting  place  ou 
the  gentlest  dceliviticsj  or  that  it  accumulates  in 
greatest  quantity  at  the  foot  of  the  steepest.  It  is 
merely  a  collateral  and  necessary  effect  of  the  forms  of 
liills ;  and  whatever  some  examples  may  prove  re- 
specting great  and  general  currents  of  water,  there  i» 
not  a  shadow  of  evidence  of  their  power  to  demolish 
luuuutaius.  Of  thobe  currents  which  have  taken  place 
on  the  surface,  we  must  seek  for  the  proofs  in  other 
lacts  than  the  precipitous  faces  of  mountains. 

It  has  been  often  remarked,  that  the  highest  mouu- 
taius  lie. in  the  tower  latitudes,  and  that  as  we  leave 
the  equator,  the  elevations  diminish.  But.this  remark 
is  not  sufHcicntly  free  of  exceptions  to  serve  any  usciiil 
purpose ;  nor  does  it  appear  to  be  iu  any  respect  con- 
nected with  those  peculiarities  with  regard  to  motion 
or  general  figure,  by  which  the  e()uatoriaL  arc  distin- 
guished from  the  polar  n.'gioii».     But  it  is  useless  to 
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pursnc  questions  of  this  nature,  whicli  at  present  seem 
to  Icitd  to  no  useful  geological  results,  but  which  may 
be  recordrd  with  propriety  aiuoug  tlie  independent 
facts  that  belong  lo  physiciil  geography. 

The  term  monntuin  is  of  very  vague  signification; 
and,  however  generally  limited  to  a  certain  scale  of 
altitude,  that  scale  is  rather  regulated  by  comparison 
than  by  a  fixed  rule.  The  hills  of  Twecdalc  would  ex- 
cite far  diflerent  sensations  in  the  plains  of  Poland, 
and  at  the  foot  of  Mtaa ;  and,  to  the  shepherds  of 
the  Valais,  tlie  elevations  of  Gogmagog  would  be  in- 
visible. Of  a  couvcntional  and  vaiiable  term,  no  defi- 
nition cull  be  given;  nor  is  it  required. 

The  sudden  ascent  of  a  very  high  mountain  from  a 
plain  is  rare  ;  and,  except  in  the  case  of  some  of  the 
volcanic  mountains,  it  is  scarcely  known.  As  moun- 
tains gradually  descend  in  altitude  they  become  hills  ; 
and  thus  it  is  also  a  necessary  consequence,  that  htlU 
formed  of  elevations  gradually  dimiuishing,  should  in- 
tervene between  the  higher  lands  and  the  plains.  The 
arrangements  of  such  hills  with  respect  to  the  higher 
mountains  which  they  accompany,  is  partly  regulated 
by  the  uature  of  the  rocks  and  the  position  of  ihe 
strata,  and  partly  by  the  water  courses  which  have  fur- 
rowed them  and  removed  the  materials  that  once  con* 
ncctod  them  more  intimately  togetlier.  But  it  is 
chiefly  in  the  higher  elevations  that  the  asperities  pro- 
duced by  naked  and  protruding  rocks  are  found. 
The  effects  of  the  atmoaphere,  the  power  of  rain  and 
&08t,  far  most  active  in  these  elevated  regions,  con- 
I  firing  with  the  force  of  gravity,  demolish  that  which 
[can  find  no  resting  place  on  the  steep  declivities,  and 
leave  naked  and  bare  those  pinnacles  and  prcci- 
wbich,  with  difierent  views,  form  alike  the  study 
hof  the  painter  and  the  geologist. 
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Hence  the  lower  elevations  arc  rnrcly  marked  hy 

j-conspicnoas   asperities;    and,  except   under   pecoliar 

Lcircuiu stances  of  climate  or  exposure,  or  when  formed 

|of  certain  indestructible  r<»cks,  they  seldom  diisplay 

[the  nature  of  their  strncturc  or  contents.     More  com- 

lonly  they  are  covered  witli  that  alluvial  soil  which 

[finds  so  firm  a  resting;  place  on  thcin  ;  and  thus  their 

outlines  arc  rounded  and   tuiue,  while  being  at  the 

same  time   favourable  to  the  uses  of  man,  they  are 

covered  with  vegetation.     If  ever,   in  the  lower  hills, 

the  naked  rock  is  dis])luyed,  it  will  he  found  at  those 

places  where   the  elevuted  edges  of  tlie  strata  lie,  and 

where  the  geologist  finds,  if  with  ditHcuUy  yet  most 

aectirely,  those  indications  of  the  internal  filructurc  of 

a  country  which  are  of  so  iiincli  e:Lsicr  access  in  more 

elevated  regions. 

It  is  scarcely  necessary  to  say,  that  between  the 
spiry  and  rugged  uiotintain  and  the  flut  vacant  plain. 
every  degree  of  altitude  and  every  form  of  undulutiug 
surface  may  exist.  But  even  plains  are  sometimes 
considerably  clcviited  above  the  sea;  altliough  it  is 
more  usual  to  find  thcw  at  low  levels.  In  extent, 
they  vary  from  the  enormous  tracts  of  Asiatic  Kiissia 
and  the  sandy  deserts  of  Africa,  to  the  iiJirrowest 
limits  of  tho^e  which  diversify  the  undulating  lands 
of  England.  In  some  iustanccs,  their  forms  depend 
on  tlie  horizontal  or  even  positions  of  the  strata  on 
^vhicli  they  lie;  but,  in  many,  they  are  the  produce  of 

luvial  deposits,  resulting  from  the  joint  action  of  the 
sea  and  rivers. 

Every  interval  between  two  hills  forms  a  valley ; 
and  thns  the  extent,  the  fbnns,  the  dispositions,  and 
the  depths  of  vallies,  are  counterparts  of  the  cor- 
responding circumstances  in  the  elevated  land:*  by 
which  they  ore  dcleiiuiued  and  bounded,    lu  the  most 
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ahrtipt  iDuuutaiuous  rcgious,  the  Tallies  are  coase- 
(juently  deep,  with  steep  sides,  often  precipitous  or 
rocky-  In  these  cascSj  they  arc  frequently  also  very 
narrow ;  the  opposite  sides  meeting  below,  without  an 
intervening  flat ;  and  forming  that  variety  well  ex- 
pressed hy  the  Scottish  term  glen.     If  the  bottom  has 

!  uii  uniform  declivity,  the  valley  then  give  passage  to  a 
permanent  stream  or  occasional  torrents ;  if  curved,  it 
becomes  the  seat  of  a  mountain  lake. 

Where  t!ie  declivity  of  the  bottom  of  such  a  valley 

;  is  gentle,  and  especially  where  the  breadth  is  consi- 
derable,  alhu-ial  matters  in  time  accamulafe  on  the 
lower  parts,  nnd  thus  a  plain  is  formed  within  it; 
producing  that  peculiar  variety  of  shape  distinguished 
by  the  Scottish  term  Strath.  Lastly,  in  lands  of  lower 
undulation,  the  valley  expands  until  its  peculiarity  is 
at  length  lost  in  the  gently  undulating  plain.  It  will 
be  a  subject  for  future  inqniry,  how  far  the  forms  or 
the  existence  of  vallies  have  been  the  conscquenre  of 

[the  action  of  rivers. 


O/"  SprirtgAf  Hiversy  and  Lkikes. 

The  nature  and  existence  of  Springs,  as  forming 
Fthe  origin  of  rivers,  is  one  of  those  circumstances  in 
Ithe  physical  history  of  the  earth  which  is  peculiarly 
[connected  with  the  phenomena  of  Geology,  But  it 
ps  a  very  obscure  subject,  and  one  respecting  which 
^e  can,  in  many  instances,  scarcely  form  a  rational 
conjecture. 

It  is  a  common  remark  by  writers  on  this  subject, 
that  springs  abound  most  in  niountainons  countries, 
and  that  they  break  out  at  the  feet  of  the  declivities. 
rTliis  assertion  is  far  from  l)eing  generally  true ;  parti- 
cularly if  we  include  those  which,  from  the  peailiar 
nature  or  declivity  of  the  surface,  are  unable  to  Tench 
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it,  but  which  arc-  found  in  penetrating  some  particiiiar 
stratum,  giving   ri»c  to  the  wells  commonly  used  for 
procuring    water    in     countries    of    low    elevation. 
Throughout  the  whole   mountninous  range  of  Seot- 
^ilaud,  springs  arc  tiirc,  nor  does  any  one  of  great  mag- 
nitude exist ;  all  the  great  rivers  of  that  cimnti y  being 
collected  originally  from  those  snpcrBcial   iiiountaiu 
torrents  that  proceed  from  the  hourly  ruins  which  fall 
on  their  innumerable  elevated  sources.    Jn  the  cora- 
iparatively  low  lands  of  England,  on  the  contrary,  they 
Ubound  ;  while  those  of  the  Thames  anil  other  rivers 
,pf  that  country,  are  testimonies  of  the  size  and  power 
^ith  which  they  break  forth,  far  from  the  declivities 
\t>f  mountains. 

There  is  more  truth  in  the  observation  that,  where 
Uhey  do  abound,  they  will  be  found  to  regard  the  iu- 
■  clinations  of  the  struta;  breaking  out  at  the  foot  of 
that  declivity  which  is  formed  by  the  dip.  Thus  well- 
diggers  arc  directed  in  their  search  ;   as  thty  also  are 
by  observations  on  the  rocks  or  substances^  of  which 
the  several  strata  are  formed.     In  this  case,  the  water 
finds  its  way,  chiefly,   between  two   strata,  of  which 
jthe  lower  is  impermeable  to  it.     It  has  been  often  re- 
marked that  some  particular  rocks  abound  in  springs, 
wliile,  in  others,  they  arc  rare  or  waiting ;  and  this, 
Ljt  will  shortly  be  seen,  depends  chiefly  on  the  dispo- 
'aition  or  existence  of  fissures.     It  has  been  said  that 
they  were  common  in  the  trap  rocks ;  but,  in  Scot- 
land, that  rule  does  not  hold  good,     'llius  also,  in 
many  parts  of  the  Gneiss  of  Scotland,  springs  iire 
scarcely  known ;  whereas,  in  the  island  of  Guernsey, 
in  the  same  rock,   they  burst  forth  in  a  thousand 
places.     Such  assertions  must  be  added  to  the  endless 
.examples  of  fallacious  generalization.      TJiroughout 
ir^^i^n^  island,  it  may  he  ohsened,  that  thoj  :\rp  <*9( 
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only  most  frc(|went  in  the  stnitified  rocks,  bul  that 
they  are  principally  found  in  the  serondary  strata  nnd 
among  the  uppermost  of  these.  It  has  been,  in  a 
few  instances,  renmrked,  that  they  burst  out  in  new 
places,  disappearing-  iu  former  ones  i  or  that  they 
sometimes  apjicar  where  none  bad  existed  before. 

It  was  already  ob^er^•ed  that  the  theory  of  springs 
was  very  defective.     If  some  admit  of  explanation, 
others  seem   hitherto  to  defy  all  attempts  towards  it. 
The  rain  which  falls  on  the  surface,  penetrating  to  a 
certain  depth,  according  to  the  nature  of  the  subsoil, 
at  length  meets  with  an  impenetrable  stratum,  as  1 
[just  remarked,  and,  gliding  along  its   surface,  breaks 
I  out  at  some  favourable  opening,  from  the  effects  of 
hydraulic  pressure.     In  other  cases,  it  may  be  con- 
ducted in  a  similar  manner  by  means  of  the  fissures 
in  which  some  classes    of  rock  abutuid.     Thus  also, 
'If  a  bed  of  gravel  lies  above  clay,  the  water  may  be 
collected  on  the  surface  of  the  latter;  and  hence  again 
the  limestones,  which  so  often  abound,  not  only  in  fis- 
sures but  in  wide  rents  and  caverns,  sometimes  conduct 
[ieven  subterranean  rivers,  as  in  Derbyshire.     A  peculiar 
idispositiou  of  such  fissures  will  thus,  when  combined 
llvilh    hydrostatic   force,  sometimes   account  for  the 
phenomenon,  not  uncommon,  where  springs  arise  so 
jliigh  up  in  hills  that  their  waters  could  not  have  been 
Mcollected  from  above;  or  where,  as  in  the  Strophadcs 
and  in  the  small  island  of  Chisamil   in  Barra,  they 
break  out  in  spots  surrounded  by  the  sea. 

But  whatever  explanations  these  offer  of  some  cases, 
there  arc  innumerable  others  to  which  they  are  inap- 
plicable, and  for  which  theories  have  been  invented  by 
Des  Cartes  and  other  philosophers,  which,  restmg  on 
no  solid  foundation,  it  is  unnecessary  to  quote.  Tlie 
perennial    spring  :it   Willowbrig  in   Staftbrdshire,   »« 


computed  to  clisthurge  uiore  wuter  aiiDuully  than  all 
that  falls  in  the  surrounding  country;  aud  the  same, 
even  to  a  greater  degree,  is  true  of  that  of  the  Sorgoe 
ia  France,  it  has  been  imagined  that  such  springs 
were  produced  from  the  sea;  but  neither  chemistry 
nor  hydrostatics  will  admit  of  such  deviations  from 
their  laws.  The  hot  springs  of  Bath  are  still  more 
ioexphcable;  but  it  is  unnci'essary  to  enumerate  all 
the  dilticulties  of  this  natnrc  which  may  be  fonnd  iu 
the  writers  who  have  treated  of  this  curious  subject. 
That  it  is  connected  with  important  geological  facts 
as  yet  uiikuowQ  to  us,  is  unc|uestionabIe;  but  it  is 
frnitlesa  to  form  conjectures,  and  frivolous  to  constrnct 
hypotheses,  as  substitutes  for  knowledge. 

Although  considerable  streams  sometimes  arise  at 
once  out  of  the  earth  from  their  springs,  they  arc  most 
commonly  formed  Jrom  the  collected  tribute  of  the 
innumerable  amuU  rills  which,  in  billy  countries, 
trickle  down  the  sides  of  mountains;  on  some  {mrt  or 
other  of  which,  rain  is  seldom  wanting  for  many  days, 
^or  even  hours.  In  summer  also,  the  gradual  melting 
of  the  suows  furnishes  those  resources  which  the  re- 
currence of  cloudless  weather  may  have  intercepted. 
It  is  for  this  reason  that  all  the  great  rivers  of  the 
world  hare  their  rise  in  mountainous  countries;  and, 
for  the  same  reason,  extensive  plains  often  present  aiid 
tracts  unwatered  by  a  single  stream. 

In  our  own  country,  the  Tay  arises  from  sources 
that  may  fairly  be  called  innumerable.  The  Wolga 
aud  the  Danube  arc  c^ch  formed  of  more  than  mo 
hundred  principal  streams.  Among  those  which  the 
Amazon,  or  Marauou,  receives,  many  arc  in  them- 
selves large  rivers  ;  aud  thus,  us  the  length  of  their 
courses  increase,  moat  of  the  great  rivers  of  the.  earth 
constantly  augmenting  their  watqrs  till  they  vani<ili 
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in  Uie  sea.  Lakes  are,  in  &ouic  instancen,  ilie  imme- 
diate sources  of  rivers,  but  rathcf  in  a  geographical 
than  a  physical  sense ;  aH  they  are  themselves  fed  by 
streuins,  iintl  ought  rather  to  be  considered  as  hasina 
interposed  in  their  cout'sea.  It  is  not  in  Loch  Tay 
that  we  must  seek  the  source  of  that  river,  but  in  the 
innumerable  streams  which  contribute  to  swell  the 
Lyon  and  the  Tnmclj  the  Isla,  the  Garry,  the  Lochy, 
the  Dochart,  and  the  Almond. 

As  rivers  which  are  fed  either  by  snow  or  rain  vary 
irregularly  in  summer  and  winter,  so  those  that  arc 
much  indebted  to  snows,  us  the  Wolga,  arc  fullest  in 
the  early  heats  of  May  and  June.  From  the  same 
causes,  many  mountain  streams  in  Peru  and  Chili, 
flow  only  in  the  day.  A  clue  to  discover  the  origin  of 
rivers  whose  sources  are  unknown,  is  thus  sometimes 
ofl'ercd,  by  considering  the  places  aud  times  of  perio- 
dical rains  or  summer  thaws,  and  by  comparing  these 
witli  the  increase  of  their  waters.  This  species  of 
reasoning  has  often  been  applied  to  the  tpiestions,  yet 
obscure,  which  conccru  the  origin  and  courses  of  the 
Niger  and  the  Nile.  From  these  periodical  rains  or 
thaws,  arise  the  inundations  which  are  the  sources  of 
fertility  to  Egypt,  and  which  are  conspicuous  in  the 
Indus,  the  Ganges,  the  Plata,  and  many  other  rivers 
throughout  the  world. 

The  direction  of  rivers  is  necessarily  regulated  by 
tlie  form  and  elevation  of  the  lands  (vhetice  they  arise 
and  through  whieli  they  flow;  and,  as  far  as  particular 
tracts  arc  concerned,  the  dirision  of  streams  to  oppo- 
I  site  directions,  points  to  the  highest  level.     Tlie  par- 
ticular history  of  these  courses  is  often  interesting,  but 
would  lead  beyond   the  bounds  to  which  the  present 
ijketch  imist  l>e  limited.     The  length  of  the  courses  of 
[•bme  of  the  larger  rivers  of  the  world  i»  very  greai'r 
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and,  among  these,  the  great  rivers  of  America  art 
conspicuous.  The  coui'sc  of"  the  Gangns  is  estimated 
at  2000  miles,  thut  of  the  Nile  at  2-iOO ;  but  the 
Orellana  is  said  t<)  mn  5000  miles  before  it  reaches 
the  sea.  Among  the  larger  rivers  of  the  earth,  may 
also  be  cnomcrdted  tlie  Oby,  the  Jenisw-i,  tlie  Saint 
Lawrence,  the  Amazon,  the  Plata,  the  Lena,  the 
Amoor,  and  the  Hounho  of  China.  The  breadth  of 
some  of  tliese  is  no  less  extraordinary  than  their 
leng;th ;  the  Orellana  being  sixty  miles  broad  at  its 
exit,  and  the  Plata  ninety ;  the  mass  of  water  which 
ihcy  bring  down  freshening  the  ocean  to  great  dis- 
tances from  their  lestuaries. 

The  aestuaries  of  rivers  vary  according  to  the  form 
<»f  the  land  which  they  last  quit ;  and,  in  the  larger, 
Are  regulated  by  their  own  actions.  It  is  only  in 
rapid  declivities  iu  general,  or  where  they  have  made 
more  deep  sections  iu  the  land,  that  they  open  by  one 
mouth.  When  they  deposit  much  sand  and  mud, 
they  not  only  form  various  openings,  but  these  arc 
subject  to  changes,  both  in  number  and  position  ;  cir- 
cumstances which  often  render  their  entrances  difficult 
and  dangerous.  Thus  the  Danube  opens  into  tlic 
Euxinc  hy  seven  mouths;  while  the  Wolga  termt- 
nates  by  not  less  tlmn  seventy.  Of  changes  of  thi» 
nature,  the  Nile  is  an  example ;  as  it  is  recorded  by 
antieut  WTitcrs  to  have  once  entered  the  Mediterranean 
hy  the  Canopic  brunch  alone ;  whereas  it  now  opens 
hy  seven  distinct  iestuiirics. 

All  rivers  do  not  however  terminate  in  the  sea;  but 
many  are  lost  in  lakes,  as  in  the  Caspian  and  the  Dead 
sea,  whence  no  corresponding  streams  find  an  exit. 
Some  vanish  in  marshes  or  sands,  an  instance  of  which 
has  lately  been  thought  to  bi^  discovered  in  New  Souttk 
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.Wales;;  and  this  has  been  imagined  to  form  also  the 
Jbermiiiatioii  of  the  Niger.  la  a  few  instances,  small 
rivers  are  found  to  sink  into  the  ground  and  disappear; 
.while,  in  others,  after  a  subterranean  course,  they  rise 
fgain.  .  The  action  of  rivers  in  changing  or  in- 
jl^lenciiig  the  forms  of  the  land,  will  he  considered  in 
another  chapter. 

:,:  The  description  of  valleys  has  already  explained  the 
•prigin  of  ;lajces,  which  must  necessarily  exist  where- 
jeyer  ;the  middle  of  such  a  valley  is  considerably  lower 
■than  its  lowest  extremity.  Thus  they  are  necessarily 
most  frequent  in  mountainous  countries;  altiiQugh 
very  extensive  collections  of  water  of  this  nature  are 
also  found  in  plains.  They  may  of  course  exist  at 
any  elevatioiL  above  the  sea;  and,  in  some  rare  cases, 
of  w^hich  Loch  Ness  is  an  example,  their  beds  are  even 
depressed  below  its  level. 

In  general,  lakes  both  receive  and  emit  a  river, 
being  depressions  in  the  course  of  its  stream  ;  or  else, 
receiving  many  streams,  they  emit  only  one.  The 
most  conspicuous  lakes  of  this  nature  in  Europe  are 
that(^  Geneva,  traversed  by  the  Rhone  at  an  elevation 
of  1134  feet  above  the  sea,  that  of  Lucern,  at  1392, 
traversed  by  the  Reuss,  that  of  Constance,  at  1089, 
giving  passage  to  the  Rhine,  those  of  Brientz,  Thun, 
Zurich,  and  the  lakes  Conio,  Garda,  and  Maggiore  in 
Italy.  In  America,  a  whole  chain,  consisting  of  the 
Lakes  Superior,  Erie,  Ontario,  and  Huron,  is  traversed 
by  the  Saint  Lawrence;  and,  in  our  island,  this  is  the 
character  of  all  which  are  in  any  way  remarkable  for 
their  extent. 

In  a  few  instances,  lakes  receive  rivers  without 
emitting  any;  and,  of  these  the  most  remarkable  is 
the  Caspian,  just  noticed,  into  which  the  Wolga  and 
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the  Ural  flow,  and  the  Dead  sea :  and,  in  all  of  them, 
it  must  be  supposed  that  the  waste  by  evaporation  is 
equivalent  to  the  average  supply  of  water. 

Some  lakes  of  less  importance  are  found  to  emit 
rivers  without  previously  receiving  any.  The  Seliger 
lake  is  the  source  of  the  Wolga;  and  theHoanho  and 
Kiam  of  China,  are  said  to  arise  from  similar  Bource&. 
But  it  is  more  probable  that  many  of  the  examples 
quoted  by  geographical  writers,  are  the  receptacles  of 
insignificant  alpine  rills,  like  Loch  Spey  in  our  own 
island. 

The  last  modification  of  lakes  consists  of  those  which 
neither  receive  nor  emit  streams,  such  as  those  of 
Agnano  and  Avemo  in  Italy,  which,  with  some  others 
described  by  authors,  appear  to  have  been  the  craters 
of  volcanoes.  In  such  cases,  we  must  conceive  that 
they  contain  internal  springs  adequate  to  the  supply 
of  the  mean  evaporation. 

Subterranean  pools  and  lakes  have  been  described 
by  authors  ;  and,  of  these.  Pen-park  hole,  in  Glou- 
cestershire, is  an  example  in  our  own  country.  These 
are  sometimes  evidently  formed  by  irregularities,  or 
occasional  depressions,  in  the  courses  of  the  sabter" 
ranean  rivers  so  often  found  in  limestone  countries. 
Where  they  are  found  to  exist  in  the  volcanic  region* 
of  America,  supplying,  as  is  supposed,  the  fish  some- 
times ejected  by  these  volcanoes,  they  probably- occupy 
caverns  of  volcanic  origin. 
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CHAP.  V. 

On  the  general  OuUhieSf  or  the  picturesque  Character^ 

of  Hocks. 


As  IT  lius  been  frequently  usserted  that  tlie  geologist 
may  derive  essential  assistance  in  his  inveatig^itions, 
from  the  general  features  or  pictnresque  characters  of 
roeks,  and  as  some  nipid  and  superficial  travellers 
have  even  ventured  to  describe  tracts  of  country  from 
distnut  observations,  made,  often,  in  haste,  and  souie- 
limes  by  means  of  a  telescope,  it  will  not  he  here 
misplaced  to  inquire  what  value  is  due  to  such  ob- 
servations. Afler  reading  the  few  remarks  that  follon', 
the  student  may  determine  how  far  he  may  avail  him- 
Rclf  of  this  assistance,  and  where  a  reliance  on  it  will 
mislead  himself  and  deceive  hts  readers,  'lliat  it  may 
serve  many  useful  accessary  purposes,  or  occasionally 
convey  valuable  hints,  is  unquestionable;  hot  it  wilt 
be  seen,  that  without  great  precautions,  it  will  more 
frequently  contribute  to  deceive  than  to  instruct  the 
observer. 

To  profit  by  this  class  of  observations,  it  is,  in  the 
first  place,  requisite  that  the  j^ologiat  should  possess 
the  eye  of  an  artist  and  the  practice  of  a  landscape 
painter:  without  which  he  will  he  a  very  imperfect 
judge  of  those  minute  variations  in  the  picturesque 
characters  of  rocks,  or  of  the  tracts  of  land  which 
they  may  form,  that  often  indicate  essential  variations 
in  their  nature  and  disposition.     It  is  next  necessary 


thai  the  observer,  thus  4|uulitifd,  i^honltt  have  been 
lt>n^  practised  in  the  invesligalion  of  rocks  in  the 
large  masses  in  which  they  occur  in  nature,  in  different 
ronntritts,  and  under  every  variety  of  form  and  dis- 
tribution; uud  that  he  should,  further,  have  studied 
for  Iiimself  ihe  plcturesfjuc  forms  with  which  they  are 
usually  associiitfid.  Neither  descriptions  nordrawitigs 
run  convey  this  instruction;  an<l  the  advantages  to  be 
derived  from  these  circumstances  are  therefore  such 
as  to  he  nearly  linn'tcd  to  those  who  will  pro- 
Imbly  have  little  occasion  for  (hem.  To  the  geological 
student,  this  knowledge  canuoL  be  communicated;  aud 
it  is  of  the  very  essencti  of  his  in^perfect  attainmcutB 
in  the  science,  to  be  unable  to  turn  this  delicate  and 
precarious  species  of  information  to  uhc. 

I  need  not  anticipate  the  diHicultics  and  the  uncef- 
(aintics  in  this  class  of  observations,  which  render  a 
reliance  on  it  objectionable  in  a  general  view;  hut 
am  at  the  same  time  willing  to  concede,  that  in  the 
hands  of  an  expert  and  practised  geologist,  it  may 
often  be  rendered  a  useful  accessary;  furnishing  va- 
luable hints  respecting  circumstances  which  it  is  unable 
to  determine,  but  which  may  often  direct  the  steps 
and  shorten  the  labour  of  the  observer.  But  to 
wnder  this  proceeding  really  useful,  and  at  the  same 
time  safe,  these  observations  must  not  be  extended 
beyond  particular  countries,  asd  must  often  be  limited 
to  very  narrow  districts.  Although  any  particular 
rockniaybefomidtoprescnt  various  picturesque  aspects 
in  difl'crcnt  countries  or  distant  tracts,  it  is  occasionally 
sttfftciently  consistent,  in  one  place,  to  enable  the  geo- 
logist to  extend,  by  his  eye  or  his  telescope,  those  ob- 
ser%aiion8  which  he  has  elsewhere  made  by  his  ham- 
mer nud  his  hand.     Yet  he  will,  in  the  follonin^ 
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remarks,  find  abnudantreasous  for  not  trustiug  further 
to  that  aid  tbaa  is  absolutely  indispensable:  and,  to 
the  studcut  in  geolofjy,  no  safer  rule  can  be  given, 
than  that  he  can  he  certain  of  nothing  wliich  he  has 
uot  touched.  His  eye  may  deceive  him,  but  he  will 
never  be  misled  by  his  hamoier. 

It  is  u  couimun  remark,  that  ^rauJtc  occupies  the 
highest  parts  of  a  country,  and  that  it  produces  those 
pinnacled  and  serrated  summits  so  well  known  to  those 
who  have  visited  the  Alps,  or  have,  in  our  own  coun- 
try, seen  the  mountaius  of  Arran.  Yet  a  geologist 
who  shaU  trust  tu  this  feature  as  characteristic  of  gra- 
nite, will  be  deceived  much  ofteuer  thuu  he  %viU 
form  a  correct  judgment;  as  that  rock  presents  every 
variety  of  outline,  and  as  many  others  assume  the 
spiry  and  serrated  form.  The  mountains  about  Loch 
Etive  in  Scotland,  urc  characterized  by  the  simple 
conical  outline,  which  is  particularly  marked  in 
Cruachau;  and  they  arc  unvaried  by  a  single  scrratnrc 
or  pinnacle.  The  extensive  ridge  which  surrounda 
the  sources  of  the  Dee,  forming  the  loftiest  tract  of 
mouutuin  laud  in  Britain,  presents  a  series  of  heavy, 
roumled,  elevations;  on  which,  if  we  except  a  few  of 
the  cainis  that  are  scattered  over  Ben  Avon  nnd 
others  of  the  group,  not  an  irregularity  exists  to 
indicate  the  nature  of  the  rock,  which  is  never- 
theless a  continuous  moss  of  granite.  In  Cornwall, 
in  Galloway,  and  in  Sutherland,  it  oR'ers  the  s<une  ua- 
intereating  aspect;  while,  in  many  purls  of  Ahcrdccn- 
vhirc,  it  occupies  the  lowest  grounds,  presenting  large 
tracts  of  a  surface  as  level  as  that  which  has  been 
supposed  to  characterize  districts  of  Secondary  rocks. 

Thus  the  observer  who  may  l;o  so  far  induced  to 
trust  to  the  serrated  and  spiry  outline,  as  to  exclude 
from  grunile,  or  to  neglcci,  those  tracis  which  do  not 


present  tliU  I'euturc.  will  dccvivt;  bimbclf  aiid  impeile 
his  owu  pro^^ross.  Ht*  will  iroinmit  similar  errors  at 
every  step,  if,  on  the  otlici'  hand,  he  shall  resolve  to 
consider  as  gruniti;,  every  distant  hill  that  is  crowned 
with  piniiacli'jj  and  divcriiitied  by  an  acnte  itideoted 
outline.  No  eye  cmi  distinguish  between  the  serra- 
tures  of  the  Arran  uiuuntuius  uud  tho^e  of  the  CucU- 
ullin  hills,  although  the  I'oriiier  eofiNi^t  of  graiute  and 
the  latter  of  llypersihem:  ix>ck.  'J'he  grit^ififl  of  Harris 
often  preyeutit  features  itxuetly  siinihtr;  nor  would 
any  tbin^  short  of  iiiantial  exaiuiimlion  eoiiviuce  the 
observer,  that  the  piiiuaclf^H  which  rifie  aluii^  the  spiry 
ridges  of  Kea  clocb  in  Uossshire  uic  formed  of  sand-i 
stone.  Even  limestone  Is  known  to  be  ttccaslonally 
disposed  in  thu  same  uiatincr;  and  (he  innumerable 
spires  of  iVlont&crrat  in  S]>uiu  are  (he  produee  of  a 
congloujcmtc  ruek. 

Even  iu  the  wore  minute  fcatua-s,  graiiitc  canuot  al- 
ways he  distingnishod  from  other  rocks,  although  under 
Uie  very  ^aap  of  the  observer;  if,  confiding  in  the 
accuracy  of  Iiis  eye,  and  relying  on  his  own  imagined 
experience,  be  shall  trust  to  that  alone.  In  a  thousand 
places  in  Abcrdeeushire,  the  external  forms  uf  thti 
masses,  the  cairns,  and  the  loose  blocks  of  granite  aud 
gucis»,  arc  so  exactly  alike,  that  the  geologistj  who  is 
even  long  experienced  in  that  country,  may  traverse 
them  Hud  examine  them  in  every  direction,  and  still 
remain  unsatisfied  till  he  has  brought  tUcm  to  the 
lest  of  his  iiammcr.  The  very  cairos  of  granite,  the 
piles  of  prismatic  or  rounded  blocks,  are  mimicked 
by  sandstone  so  as  to  deceive  the  finest  eye,  in  many 
parts  of  the  Western  coast  of  Scotland;  as  its  hnge 
uurvcd  continuous  beds  are  by  the  Hypcrstlienc  rock 
of  the   CuchulIiiJ^  aud  by  the  greeu:?tone  of  the  Coi- 
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storphiii  hill:>.  But  1  need  not  accumulate  more  ex- 
amples in  this  rock:  enough  have  been  atkluced  to 
show  that  no  combination  of  the  experience  of  the 
most  practised  geologist  nith  that  accurate  eye  for 
form  and  character  whicli  disdngutshcs  the  painter, 
will  exempt  the  observer  from  the  duty  of  a  careful 
nianiml  examination  where  granite  is  concerned. 

It  has  been  so  often  said  that  the  trap  rocks  are  cha- 
racterized by  the  scalar  outline  from  which  thcirSwedisli 
name,  now  adopted  by  ns,  has  been  derived,  that  it  is 
necessary,  for  the  sake  of  the  geological  student,  to 
examine  into  the  truth  of  this  assertion.    That  outline 
does  unquestionably  occur  ;    but  it  is  limited  to  those 
examples  where  these  rocks  exist  in  the  form  of  bedn, 
either  horizontal  or  nearly  so;   as  in  the  little  Cnra- 
bray,  and  in  some  parts  of  Sky,  of  Mnll,  and  of  the 
ucighbouriug  islands.     But  as  this  peculiar  ontlinc  i» 
produced  by  the  successive  and  unequal  loss  of  por- 
tions of  such  beds,  it  is  evident  that  it  may  occur 
in  any  stratified  rock  disposed  in  a  similar  manner ; 
provided  its  fractiire  is  in  a  direction  nearly  vertical  to 
the  strata.      It  will  therefore  probably  be  found  iu 
horizontal  sandstones ;  although  at  this  moment  no 
very  well  marked  instance  occurs  to  my  recollection. 
But  a  thousand  in^itanccs  may  be  quoted,  where  the 
trap  rocks  deviate  from  this  outline;  while  the  several 
picturesque  characters  which  they  exhibit  are  bo  infi- 
nitely varied,    that  no  experience  and  no  eye,   aare 
capable  of  pronotmcing  on  their  nature  from  a  distant 
view.     'J'he  marked  granitic  character  of  the  Hyper- 
stheoe  rock  of  Sky  was  already  noticed ;  and,  with 
respect  to  the   syenites,  porphyries,  and   claystoncs, 
which  form  the  interior  hills  of  that  island,  ihcy  arc 
tindibtiuguishuble  from  the  granite   which  cuubtitutes 
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the    mounUiiiH  of    nppcr   Loru.     In    Fifr    and    in 

Prrthshirc,  in  the  ridges  of  llic  Ochils  iintl  llic  SullHir, 
it  is  utterly  impossible  to  tonjcclnre  tlie  place  of  uiit 
one  trap    rock,    from  thf  outliuc  or  general  aspect 
of  Uie  ground.     Yet  the  differences  of  the  snperin- 
icutubcut  uiid  subjacent  rocks  can  not  well  hcg^rcater; 
'as  tin;  latter    ciinhist  of  arpllaceous   schiiit,    of    the 
lowest  red  sjuidstone,  of  the  lowest   secondary  liuic- 
acooe»  and  of  the  coal  scries.     Every  possible  variety 
)f  ontlinc,  conicid,  undulating,  or  flat,  will  be  found, 
miewhere  or  other,  attending  the  trap  rocks  of  Scoi- 
|land  ;  and  he  will  be  a  fortunate  j^cologist  who  is  not 
>bligcd  to  .surround,  and   almost  handle,  evei'y  mass 
>f  these  rocics>  before  he  can  determine  their  nature 
(or  assign  their  limits.     Ttie  formidable  cliffs  of  Saint 
iKilda  present  a  diversity  of  characters  and  uspects 
'differing  from  those  of  any  otlier  analogous  rocks  in 
this  country ;  and,  in  Sky  alone,  there  may  be  found 
every  variety  of  disposition  and  outline  whicli   is  dis- 
played in  nature.      Even  the  columnar  fortn  'which 
has  been  snp|K>!)cd  to  indicate  Imsalt,  is  not  limited^ 
either  to  that  rock,  or  to  the  greenstones ;  siuce  it 
exists  in  the  claystoncs  of  Mull,  Kuiu,  and  Arraa,  in 
le  Syenite  of  Ailsa,  in  the  pitchsliJne  of  Egg,  and 
Leven  in  the  ituudtitonc  of  Dunl}Lir. 

If  granite  and  the  trap  rock»,  which  have  been  »iip- 

posed  to  possess  such  marked  ;ii)d  ehaiiictciisiic  fea- 

l|nres,    are  thus  subject  to  varialious  in  their  piclu- 

restjue  and  general  ibrms,  still  leits  is  it  pushible   to 

I  rely  on  this  guide  in  examining  the  variowj  stralitied 

frocks  of  the  primary  and  8tx:ond;u:y  classes.      If  in  a 

few  situations,  wi  iu  Coll,  in  Roua,  and  on  the  west 

coast   of    Kosbsbirc,  gneiss  may   i>e   rctogni.sed  at  a 

distaucc  by  ibc  iusuUlL-d  and  uuked  grey  rocks  every 
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where  protruding  through  the  soil,  in  nuiiicrous 
others,  as  in  Pcitlishire  and  Aberdeenshire,  it  cannot 
be  distinguished  from  the  granite  which  it  accompa- 
nies, far  less  from  the  micaceous  schist  and  cjtiartx 
rock  witli  which  it  is  so  often  intcrstratified.  In  itself, 
like  granite,  it  presents  every  possible  form  of  out- 
line ;  sunietiine^  displaying  broken  precipices  and 
rugged  siunniits,  at  others,  being*  every  where  co- 
vei-ed  witl»  soil,  and  forming  rounded  smooth  hills  or 
flat  and  undulating  low  tracts.  It  is  fruitless  to  pur- 
sue this  inqniry  throngh  the  remainder  of  the  strata. 
In  micaceous  schist,  in  quartz  rock,  aud  in  argilht- 
ceous  schist,  the  same  uncertainty  and  confusion  of 
character  arc  sufficiently  obvious,  and  will  not  fail 
immediately  to  he  perceived  by  those  who,  at  the 
comnienccnicnt  of  their  progress,  have  been  induced 
to  trust  to  so  fallacious  a  guide. 

If,  among  the  secondary  strata,  the  limestone  of 
Dovcdalc  is  distinguished  by  its  pinnacles  and  castel- 
lated forms,  so  is  the  far  different  calcareous  rock  of 
Istria  and  Dalniatin,  and  the  sandstone,  called  cpiader- 
sandstein,  of  the  Germans,  Even  the  same  disposi- 
tiou  is  found  conspicuously  to  prevail  among  the 
conglomerates  which  l)elong  to  the  lowest  red  sand- 
stone ;  as  was  already  remarked  in  speaking  of  tlie 
pinnacled  form  of  granite.  Among  the  greater  num- 
ber of  tJie  otlier  secondary  strata,  it  would  he  hi  vain 
to  look  for  picturesque  distinctions ;  as  vain  as,  iti 
most  c.ise*.  it  would  he  to  try  to  distinguish  fhem 
from  the  prhnary  rocks,  when  the  same  general  un- 
duhuions  arc  found  in  both,  mid  whtre  both  are 
e(|aa1ly  covered  with  alluvia  and  soil. 

Il  in  unneccssar)-  to  say  more  on  ibis  subject.  The 
purpose  of  these  rcmurka  is  not    to  deprive   ihe  ex- 
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perienced  geologist  of  the  advantages  which  he  may 
derive  from  a  correct  and  practised  eye ;  since  they 
are  far  from  inconsiderable,  if  the  precautions  incul- 
cated at  the  beginning  of  this  chapter  are  regarded. 
Their  object  is  to  caution  the  student  against  that 
confidence  which  is,  too  often,  both  the  result  of 
indolence  and  its  excuse ;  and  to  inculcate  on  him 
the  necessity  of.  establishing  habits  of  careful  and 
minute  observation.  An  eye  for  the  physiognomy  of 
acoantry  most  be  acquired  by  practice;  and  it  will 
never  be  acquired  by  him  who  shall  attempt  to  find  a 
royal  road  to  that  ru^ed  eminence  which  has  never 
yet  been  attained  without  patient  study  and  toilsome 
exertion. 
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CHAP.   VI. 

On  the  general  Distribution  of  the  Materials  tvhi^ 
constitute  the  Earth. 


Tuc  superficial  parts  of  the  earth,  wliicli  arc  all  ton 
wliii'li  wc  can  have  access,  whether  by  observation  or 
inference,  are  formed  of  indurated  and  of  loose  ma- 
terials; the  first  constituting  rocks,  and  the  latter 
being  the  various  alluvial  substances  which,  no  less 
than  the  former,  arc  objects  of  geological  investigation. 
In  the  following  chapters,  the  various  details,  whether  of 
a  general  or  of  a  particular  nature,  namely,  those  which 
relate  to  the  substances  themselves,  and  thoscwhich  have 
a  reference  to  the  constitution  of  the  globe,  the  origin 
of  these  materials,  and  the  various  revolutions  they 
have  undei^one,  will  be  considered  in  the  several  points 
of  view  which  may  appear  necessary.  The  object  of 
the  present  is  to  give  a  sketch  of  the  most  remarkable 
distinctions  among  rocks,  and  of  their  general  distri- 
bution aa  constituent  parts  of  the  earth. 

Observation  has  shown  that  rocks  may  be  divided 
into  unstratificd  and  stratified:  orintothosc,  of  which 
the  forms  are  irregular*  and  those  which  are  disposedi 
in  sua-essivc  beds,  maintaining  a  general  parallelism, 
for,  at  least,  certain  spates.  To  these  must  be  added, 
veins,  which  intersect  all  rocks;  and tliosc repositories 
of  earthy  and  metallic  minerals  in  a  mixed  or  confused 
state,  which  occupy  similar  situations. 

The  unslrutified  rocks  often  form  (he  highest  ridgci^ 
aud  !>tunmils  of  mountain:!,  constituting  (he  ap^iarent 
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bauson  which  the  strata  nro  placctl;  whiU>,  in  othf>r 
rasPS,  undiT  differences  of  conslilnlion  and  in  ihcir 
periods  of  formation,  they  repose  on  the  stratifird 
rocks.  In  neither  rase  therefore,  are  rhey  hmited 
to  the  higher  ^ronnds;  as  the  positive  altitude  of 
rocks,  or  their  relation  to  the  surface  of  llie  earlli, 
does  not  necessarily  coirespond  with  their  geological 
altitude,  or  with  that  relative  elevation  which  they 
possess  in  the  scries.  For  the  same  reason  they  d«i 
not  invariahly  form  mountains,  ultlioogh  commonly 
occtirring  in  mountainous  countries.  Lastly,  they 
form  l)iU  a  small  apparent  part  of  the  visible  surface; 
whatever  reasons  we  may  have  for  believing:  that 
they  occupy  a  great  extent  in  the  regions  inaccessible 
to  our  sight  or  operations. 

Tlie  great  bulk  of  the  accessible  surface  of  the  solid 
earth,  is  composed  of  stratified  rocks,  which,  under 
different  modes  of  distribution,  fonn,  not  only  the 
low  plains,  but  the  elevated  mountains :  being  brought 
into  view  by  their  irregularities  of  position,  and  by 
that  destruction  uhich  has  so  often  laid  them  bare, 
and  has  generated  the  lower  materials  which,  in  other 
parts,  conceal  them  from  immediate  examination.    . 

To  their  variety  of  position  is  principally  owing; 
that  inecpiality  iu  tlie  surface  of  the  earth,  by  which  it 
swells  into  hills  or  rises  into  mountains;  althongh 
lliesc  forms  have  been,  in  a  greater  or  less  degree, 
influenced  and  niodiBed  by  the  actions  which  are 
daily  operating  on  the  surface;  transferring  the  ma- 
terials of  the  elevated  grounds  to  the  plains  and 
valleys  below,  and  bnrying  many  of  them  beueath  the 
depths  of  the  sea.  Geology  has  distinguished  these 
.strata,  according  to  their  relative  sras  of  formation, 
into  primary  and  secondary :  but  each  of  these,  and 
the  latter  in  particular,  involve  subsidiary  distineiioiis 
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of  great  interest,  which  will  form  ^special  ohjcots  of 
discussion  hcrcuftcr. 

Although  the  forms  of  land  are  connected  with  and 
dependent  on  the  dispositions  of  strata,  as  well  as 
on  those  of  the  unstratificd  rocks,  there  is  do  rule,  in 
this  respect,  universally  applicahle.  A  few  examples 
will  serve  to  convey  that  general  notion  of  this  snl>- 
jcct  which  in  all  tliat  is  re<iuired  for  the  present  pur- 
pose. If  a  scries  of  strata  he  perfectly  hori/.ontal,  it 
is  easy  to  understand  that  the  land  above  it  will  have 
a  corresponding  level.  If  it  be  slightly  elevated,  it 
must,  nnless  it  be  curved,  unavoidably  terminate 
somewhere,  by  fracture  or  discontinuity;  and  the 
surface  will  thus  form  a  low  ridge,  of  which  the  decli- 
vity which  lies  on  the  plane  of  the  stratum,  will  be 
more  gentle  than  that  which  belongs  to  the  abrupt 
edges.  The  continuity  of  that  ridge  being  inter- 
rupted by  other  transverse  fractures,  and  other  ridges 
occurring  in  a  disordered  manner,  there  is  thus  pro- 
duced a  land  of  low  hills,  which  may  also  be  equally 
generated  by  analogous  irregularities  in  the  forms  and 
dispositions  of  unstratihed  rocks. 

If  such  an  elevation  of  a  series  of  strata  he  increasfnl, 
there  is  produced  a  inoimtain  ridge,  which  may  also 
bo  broken  into  detached  points,  so  as  to  form  irregular 
but  continued  chains.  Here  the  planes  of  Ibe  strata  will 
form  declivities  more  or  less  smooth ;  while  the 
abrupt  edgfs  will  become  the  precipices  so  common  in 
mountainous  regions.  Undulations  of  such  strata, 
which  have  Iieen  here  suppowd  straight,  will  generate 
corresponding  irregularities ;  and  tlnis,  in  low  countries 
in  particular,  the  inequalities  are  oiVn  produced,  as 
much  by  undulation,  as  hynneqnal  elevation  and  fr«c- 
lurt;   whih'  f her  are  also  occawimallv  the  result   of 
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inequalities  of  thickness  in  partioular  part«,  or  of 
deficiencies  of  certuin  portions  of  sonin  siratuni.  •  •< 
The  case  above  stated,  of  a  single  nniform  elevatiotr, 
conveys  the  simplest  idea  of  a  mountain  ridge  of  stra- 
tified rocks.  IJut  ridges  arc  sometimes  found,  in  which 
the  direction  of  the  strutificntion  is  oblique,  not 
parallel.  An  example  of  this  dispoMiion  occurs  in 
our  own  country,  in  Bute,  and  may  be  obseiTcd  in  many 
other  phices.  It  ia  conspicuous,  according  to  Hum- 
boldt, in  tlie  great  chain  of  Mexico.  Even  in  these 
cases  however,  where  single  ridges  may  not  follow  the 
direction  of  the  strata,  that  direction  mainlains  its 
general  bearing;  and  it  is  a  remarkable  fact,  although 
unwarrantably  extended  much  further  than  it  nill  bear, 
that  in  mauy  parts  of  the  world,  and  over  very  large 
spaces,  the  strata  hold  a  parallel  direction  according 
to  their  elevated  edges ;  and  that  if  ive  take  all  that 
have  been  examined,  tliere  are  more  tracts  in  whidi 
that  direction  tends  towards  the  North-east,  than  to 
any  other  point  of  the  compass.  Thi^>  is  the  case  in 
firituln;  and  it  is  particularly  sensible  in  Scotland, 
where  the  heights  of  the  elevations  and  the  facility  of 
access,  render  this  circnmstancc  easily  exairiined. 

But  even  where  strata,  are  thus  prolonged  on  one 
line  of  elevation,  the  (pnuitity  of  that  elevation  varies 
in  diiferent  places;  and  thus  numerous  other  iiregtl- 
tarities  arc  produced  in  the  forms  of  mountain  ridges. 
As,  lastly,  the  elevation  of  strata  may  increase  till 
they  become  vertical,  other  cases  are  produced,  by 
which  the  forms  of  mountains  become  still  further 
modified. 

It  next  happens,  that  instead  of  strata  being  simply 
elevated  in  one  continnous  mass,  they  are  raised  by 
successive  intervals,    forming  staii-s,     bv  which   thr 
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t'uriiiM  uf  uioiiiitaina  are  also  iiiuditiod  in  various  ways. 
It  is  also  observed  that,  ou  oppuiiite  sulc^j,  they  have 
soinetimes  reverse  inclinations  ?  and  thus  a  mountain 
formed  of  stratified  rocks  alone,  may  have  similav 
opposing  sides,  unvaried  ijy  prtu'ipiers  or  projecting 
rocks.  Similar  eScctiii  result  from  ^eat  undulations 
or  curvntnres  of  the  strata;  the  effects  thus  produced 
in  mountains,  Ix'in^  hence  of  an  analogous  nature  to 
those  which  lake  place  in  the  lower  grounds,  but  in 
a  more  extreme  derive.  These  cases  are,  however, 
most  frequent  where  the  central  parts  of  monntains 
or  ridf»cs  are  formed  of  uuslratified  rocks;  against 
which  the  strata  are  sometimes  fuund  to  repose,  in 
opposite  ways,  and  with  different  inclinations. 

Hut  all  mountains  are  not  necessarily  generated, 
either  by  the  protuberance  of  unstratilicd  rocks  or 
tlie  irregular  elevations  of  stratified  ones.  On  the 
contrary,  many  high  ones,  of  which  Scotland  offers 
examples  on  the  west  coast  of  Kossshire,  arc  consti- 
tuted of  strata  nearly  horizontal ;  and  their  forms 
must  then  be  attrihnted  to  that  waste  visible  on  their 
abrupt  sides,  in  consequence  of  which  all  those  por- 
tions have  been  removed,  as  far  as  their  absence  was 
necessary  to  the  ultimate  production  of  the  shapes 
which  they  now  display. 

The  formation  of  valleys,  like  that  of  hills,  depends 
primarily  on  the  elevations  of  the  strata;  and  the  one 
is  a  necessary  consequence  of  the  other.  Nor  is  it 
|>ossible  to  conceive  that  original  cause  wanting  ; 
unless  it  could  be  shown  that,  during  the  operations 
which  displaced  the  strata  from  their  original  hoti- 
Kuntal  positions,  every  interval  was  so  filled  up  as  to 
form  a  smooth  and  level  surface.  Mnch  has  been 
written  on  a  subject  which  appears  too  obviou<t  to 
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aciinit  of  any  dispute;  were  we  even  lo  admit  thai 
the  unstratified  rocks,  u-hich  every  thing  in  their 
nature  proves  to  have  hceii  originally  irregnlar,  had 
also  once  formed  portions  of  an  universal  level.  The 
original  forms  thus  produced  hy  the  elevations  of  the 
strata  und  the  prutrusion  of  the  uustrutified  rocks, 
have  indeed  been  uioditied  by  the  action  of  running 
waters,  and  often  to  a  great  extent ;  and  thui  only 
can  rivers  be  said  to  have  generated  their  present 
beds  and  the  valleys  through  which  they  now  flow. 
A  very  slender  consideration  of  a  state  of  things  so 
obviously  necessary,  might  have  saved  pages  of  use- 
less, and  often,  of  sufficiently  acrimonious  discussion. 

In  thus  giving  a  general  sketcii  of  the  distribution 
of  strata,  and  of  their  diOercnt  elevations  and  posi- 
tions, as  influencing  the  forms  of  land,  it  is  yet  neces- 
sary to  remark,  that  those,  hitherto  distinguished  into 
antient  and  recent,  or  primary  and  secondary,  arc,  in 
soojc  parts  of  the  world,  followed  by  a  third  set, 
which  have  been  produced  under  peculiar  circum- 
stances. These,  indeed,  are  distinctly  divisible  into 
two,  arising  from  two  distinct  sources ;  the  one 
having  been  fornu'd  after  the  secondary  strata,  in  the 
I>asins  of  antient  lakes  and  in  o^stuaries,  and  thn 
others  elevated  from  the  bottom  of  the  sea  by  the 
power  of  volcanoes,  producing  islands  or  portions  of 
continents. 

Volcanic  products  form  the  last,  and  are  among  the 
most  recent  of  the  roeks  on  the  surface  of  the  globe; 
though  did'ering  nnicli  in  point  of  aniitpiity,  and  lieing 
even  now,  formed  under  our  eyes.  These  are,  inva- 
riably, independent  productions,  although  widely 
scattered  over  the  surface  of  the  earth. 

Veins  formed  of  rock,   are  cither  indt-pcndent,  or 
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connected  v'ith  the  unstratified  substances  ;  and,  how-      j 
eirer   interesting  from  their  origin  and  phenc»nena,      , 
they  occupy  but  very  small  spaces,  and  have  no  effect 
in   modifying  the  gencrjil  surface.     They  arc  neceji- 
sarily  posterior  to  the  rocks  which  tliey  intersect ;  and      , 
thus   a  judgment  can  sometimeB  be  formed,  within 
certain  limits,  of  the  period  at  which  they  were  pro- 
duced, ^y 
The  hist  of  the  hard  or  rocky  materials  of  the  earth^H 
consists  of  tliosc  veins,  also  posterior  to  mauy  of  the 
rocks,  which  arc  the  repositories  of  metals,  as  well 
of  many  raithy  minerals,  and  which,  from  their 
uDiitical  value,  Ijecome  objects  of  great  importance. 
ih'llie  loose  materials  of  the  earth  are  found  dep 
sited  over  the  surface  ;  generally  concealing  the  rock« 
from  view,   but   distributed  in  a  very  unecpial  manner 
in   diflercnt  places.      Where  they  merely  cover  the 
surfaces  of  the  hills  or  pjaiiift,  they  only  modify  the 
forms  of  those ;  concealing  asperities,  filling  valleys, 
or  obliterating  lakes.     But  they  often  constitute  lacge 
portions  of  the  surface,    by  themselves ;  limiting  this 
remark,   by  geographical  considerations,  to  the  mean 
level  as  determined  by  the  sea.     This  is  peculiarly  the 
case  at  the  feet  of  high  or  extensive  tracts  of  mountain 
land ;  and  particularly  where  large  rivers  are  found, 
which,   depositing  the  ruins  they  carry  along,   cause 
the  sea  to  retire,  aud  form  extensive  plains.      The 
consideration  of  this  very  interesting  brauch  of  Ge 
logy,  belongs  to  the  history  of  alluvia,  and  to  that 
the  changes  which   the  surface  of  the  earth  is  daily 
undergoing;    and    it    will    hereafter   form    a  distinct 
object  of  examination.    It  is  unnecessary  to  extend 
further  a  sketch  which  is  merely  intended  as  an  intro- 
duction  to  the  succeeding  parts  of  this  work. 
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As  THE  stratified  rocks  fonu  the  far  larger  poi'tion  of 
tlie  visible  solid  niiUcrials  of  the  earth,  we  are  able  the 
more  easily  to  satisfy  onrselvos  respecting  iheir  nature 
and  relations,  and  to  determine,  by  aetnal  obsei-\-ation, 
nmch  of  that  which,  in  the  case  of  the  nnstrati6ed 
substances,  is  tnatter  of  inferenec  from  liniited  facts. 
If  there  have  been  g:cologists  unwiliinq'  to  admit  of  the 
strati  Heat  ion  of  rocks,  there  have  been  others  who 
have  seen  strata  where  they  had  no  existence.  It  is 
the  btisiness  of  science  coldly  to  investigate  truth. 

'ITic  term  stratum,  or  bed,  carries  its  own  definition 
with  it ;  its  extent,  according  to  the  prolongation  of 
its  great  opposing  planes,  being  generally  far  greater 
than  its  thiekness.  A  repetition  of  such  l>ed.s  forms  a 
series  of  strata  ;  and  the  tenn  stratification  implies  the 
mode  of  their  deposition,  to  whatever  ranse  that  may 
lie  attributed.  Stieh  masses,  of  analogous  or  similar 
shape,  as  arc  occasionally  found  among  the  rocks 
described  in  the  tenth  chapter,  are  however  excluded 
from  this  definition,  nieir  oriijin  and  forms  are 
attributed,  from  the  evidence  elsewhere  stated,  to  a 
different  canse;  and  the  mode  of  distinguishing  them 
is  also  specified  in  its  proper  place.  The  term  stra- 
tification therefore  implies  a  cause,  as  well  as  a  mode 
of  form  and  disposition ;  and  that  cause  is  assumed, 
or  proved,  to  consist  in  a  deposition  from  water,  of 
materials  (hat  have  been  suspended  and  difisoUed  in  it. 
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Of  the  Forms  uf  Strata. 

The  most  perfect  form  of  a  stratutn,  is  that  in  which 
the  two  pUnes  arc  accurately  puvalkl,  hut  il  is  the 
most  rare.  They  are  more  coinnionly  inclined  in  dif- 
ferent ways;  so  that  a  bed  tcriulniitcs  at  length,  iu 
oue  or  more  directions,  or  iu  all,  by  a  thin  edge; 
while  it  may  also  present  surfaces  so  frequently  and 
unequally  inclined  or  undulated,  as  to  be  of  various 
degrees  of  thickness  throughout. 

'I'he  thickness  of  a  stratum  may  vary  from  one  of 
iiKuiy  yards  lo  that  of  paper;  and  it  U  obvious  tlutt 
the  thinner  cannot  easily  he  very  extensive-  The 
^tcnt  of  surface  which  any  one  may  cover  is  equally 
various :  it  may  amount  to  many  miles ;  but,  in  these 
rases,  it  is  traced  rather  by  comparing  detached  parts, 
than  by  a  continued  view  of  the  whole.  That  com- 
parison is  made  by  means  of  the  consistent  mineral 
nature  of  all  the  parts,  the  resemblance  of  the  organic 
contents,  where  these  ai'e  present,  the  correspondence 
and  nature  of  the  other  -strata  with  which  they  arc  in 
contact,  uiid  tlie  similarity  of  position  which  thry 
possess  towards  the  perpendicular. 

Thus  it  is  anticipated  that  a  stratum  may  be  incliiieil 
to  the  iiorizon;  but,  in  fact,  they  are  rarely  quite 
horizontal.  Tlie  deviation  from  the  horizontal  posi- 
tion constitutes  the  inclination  of  a  stratum  ;  and  the 
true  inclination  is  evidently  the  greatest  angle  which  a 
line  taken  on  that  plane  forms  with  the  perpendicular; 
the  dip  implying,  further,  that  point  of  the  compass 
towards  which  it  is  directed.  As,  in  consequence  of 
the  inclination  of  a  stratum,  its  edge  must  somewhere 
appear  at  the  surface  of  llie  earth,  an  imaginary  line 
has  been  contrived  to  represent  it,  called  the  direction 
of  -the  strattini,  drawn   at  right  angles  to  the  line  of 


inclination.  But  the  student  must  not  ima^iuc  that 
the  stratum  has  a  greater  extent  on  this  line  than  on 
I  he  reverse,  or  is  of  a  long  and  narrow  form  :  that  ean 
only  he  said  of  its  visible  portion ;  and  a  hnrizontal 
lied,  having  no  dip,  can  have  no  direction. 

Strata  are  subject  to  the  varioxis  arctdents  of  frac- 
ture, displacetnctit,  flexure,  and  contortion ;  and  in 
some  very  rare  casL-s,  they  even  lose  their  regular  forms 
and  become  shapeless  masses. 

The  forms  of  strata  are  far  more  perfect  in  the  more 
recent  than  in  the  antient  series;  and,  in  the  latter, 
they  are  sometimes  either  so  obscure  or  so  difTicuU  to 
discover,  that  their  existence  has  been  altogether 
denied.  Hence,  in  some  degree,  has  arisen  a  most 
pernicious  confusion  in  geological  descriptions  and 
reasonings,  which  it  bus  here  been  attempted  to  re- 
medy by  separating  the  unstratiBed  rocks  from  them. 
The  cause  of  this  imperfection,  in  the  older  rocks, 
will  be  found  to  We  in  the  changes  of  their  positions,  and 
iu  the  disturbance  of  their  regularity,  from  flexure  or 
fracture  ;  in  the  less  definite  and  fre<]uent  alternations 
of  rocks  of  difl^crent  characters  wbicli  they  present; 
and,  among  the  argillaceous  schists,  from  confounding 
(he  schistose  structure  with  the  planes  of  stratification. 

Most  commonly,  a  single  bed  consists  of  only  one 
substance;  but  the  materials  occasionally  differ  in 
size  in  different  parts,  and  that  change  occurs,  either 
laterally,  according  to  the  plane  of  the  stratnm,  or  in 
the  opposite  direction,  according  to  its  depth.  Changes 
of  the  absolute  quality  of  (he  rock  in  a  stratum,  are 
far  more  rare.  Many  rocks  are  subject  to  be  divided, 
by  joints,  at  some  angle  to  the  plane  of  the  stratiB- 
cation;  and  these  are  often  remarkably  regular,  so  as 
to  separate  the  Iwd  into  culwidal  or  other  forms,  of 
.'ousidcrable  accuracy.     Thus,  in  the  !^audutoue9,  there 


m 


CHA  ft  ACKERS  nP    KTRATA 


are  often  prodnccd  subsidiary  forms  reaembliag  ihose 
pjf  gianitc;  imd  this,  among  other  causes,  has  aided 
iu  supporting  the  erroneons  belief  in  the  stratificatiou 
of  that  substance.  In  other  cases,  they  confuse  the 
inexperienced  observer,  by  luisleuding  biin  respecting 
the  pluucs  of  stratification ;  us  happens  particularly 
in  tlie  argillaceous  ^chi&ts.  In  the  Diallagc  rock  of 
Shetland,  the  fissures  are  so  numerous  and  extensive 
as  entirely  to  suppress  the  appearances  of  the  sepa- 
rating: plane»  of  the  strata;  so  that,  in  determining 
the  |>08itions  of  these,  recourse  must  Ije  had  to  other 
indications,  derived  principally  from  the  more  regular 
adjoining  rocks. 

When,  by  the  repetition  of  beds,  either  of  the  sftnie 
f^r.  of  different  substances,  there  are  formed  successions 
or  series  of  strata,  the  knowled^  which  we  obtain 
of  the  various  rocks,  is  derived  chiefly  from  that  ob- 
liqpity  of  position  which  is  fully  disqusi^ed  in  the  next 
chapter;  in  consequence  of  which,  united  to  its  variou» 
accidents,cvery  memberof  a  considerable  series  is  some- 
times brought  into  view,  even  within  a  narrow  space. 
By  a  careful  comparisou  of  positions,  the  same  object 
i^  eQectcd,  through  many  interruptions,  uud  over  dis- 
tricts of  great  extent. 

Jt  is  sometimes  obsen'cd  that  such  a  series  preserves, 
for  a  grQiit  space,  a  very  accurate  general  pandlelisuii 
the  dift'erent  beds  being  parallel  among  themselves. 
Bfit,  very  frequently,  the  whole  series  is  bounded,  aw 
a  single  bed  may  be,  by  inclined  planes;  iu  conse- 
quence of  which  it  gradually  vanishes  by  extenuation, 
'riie  other  accidents  of  a  single  stratum  arc  also  true 
of  a  whole  series ;  which  may  thus  vary,  by  undulation 
or  flexure*  either  in  the  line  of  its  inclination,  or  in  that 
of  its  direction.  Tlius  it  becomes  necessary  that  obser- 
vations ou  these  lines  should  Ix-  rcguhitetl  by.^gtutJ'ttl 


average,  and  not  by  mcHsnrenients  taken  in  a  single 
ptace,  whicli  arc  a  firc«ixtcnt  source  of  error. 

The  disappearance  of  strata  which  i«  not  the  ri-smlt 
of  extenuation,  may  arise  from  their  dipping  out  of 
sight  in  a  graHnal  manner,  or  from  those  fractnres  or 
subsidences  by  which  thfy  are  entirely  broken  oft; 
This  fraettirc  is,  of  conrsc,  found  at  the  elevated  ed^; 
hut  the  strata  are  aomclimcs  renewed  in  a  new  portion 
near  it,  in  consequence  of  the  subsidentv. 

In  a  series  of  beds,  the  same  substances  are  some- 
times repeated  in  succession;  at  others,  beds  of  dif- 
ferent natures  succeed  iu  a  ceitain  order,  or  in  repeated 
alternations,  more  or  less  numerous  or  regular.  Where 
the  I>eds  are  similar,  they  are  sometime*)  separated  by 
mere  planes.rcscnibliuE^fissurcs;  bnt  it  i;)  more  common 
to  find  some  slight  change  of  texture,  or  some  inter- 
vening: material,  however  small  in  quantity,  indicating: 
the  place  of  separation.  When  the  beds  are  of  di^ 
ferent  kinds,  the  mode  of  separation  i.i  generally  very 
distinct;  and,  in  some  easels,  in  the  secondnrv,  it  '» 
effected  by  the  accumulation  of  animal  or  vegetable 
remains  in  a  thin  lamina.  The  laminar  disposition  of 
the  beds  themselves  must  be  considered  as,  in  itself  a 
result  of  stratification  ;  and  I  have  elsewhere  remarked 
that  it  must  not  be  coufotmdcd  wilh  the  concretionary 
structure.  (Chap,  xi.) 

Of  the  Posiihms  ami  Relations  of  Strata. 

Consecutive  and  parallel  order  is  a  natural  conse- 
quence of  the  process  of  stratification.  But  this  is 
confined  within  certain  limits,  a»  noticed  in  tlie  next 
Chapter  on  the  dispositions  of  strata.  Near  tbeunstra- 
Hficd  rocks  also,  that  order  ceases  ;  or  any  niuuber 
of  the  Mrata  in  one  setics,    may  be  iu  coutacl  with 
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a  rock  of  this  character;  a  natural  couscquciicc  re- 
sulting from  tht!  niude  in  which  these  rocks  were 
forniwl,  and  often  very  conspicuous  at  the  junctions 
of  the  primary  9tr»ta  witli  granite. 

Thei-e  is  {uiuther  case  in  which  strata  cease  to  be 
consecutive,  without  being  in  all  parts  unconfonnable 
to  those  on  which  they  lie.  la  the  usual  reversal  of 
position,  the  upper  series  may  be  conceived  to  lie  on 
the  elevated  edges  of  the  inferior  one;  although,  even 
tu  such  cases  as  this,  one  part  of  the  upper  scries 
may  be  conformable,  while  the  other  is  reversed,  in 
ronseriuencc  of  irregularities  in  the  position  of  the  in- 
ferior strata,  or  from  the  superior  being  so  deposited 
as,  in  some  places,  to  lie  on  the  edges,  and,  in 
others,  on  the  planes  of  the  inferior  beds.  This  u 
easily  undei*stood.  Fn  the  case  above  alluded  to,  an 
eflect  of  a  contrary  kind  takes  place ;  or  every  stratum 
in  an  upper  series,  touches  a  single  bed  of  the  lower  ; 
the  edges  of  the  former  abutting  against  the  planes  of 
the  latter.  It  is  easy  to  comprehend  how  this  ntay 
happen.  It  is  a  necessary  consequence  of  the  depo- 
bilion  of  a  horizontal  series  upon  an  inclined  one, 
and  occurs,  as  a  matter  of  course,  in  the  recent  depo- 
sitions of  lakes  that  are  contained  in  cavities  among 
the  usual  piimary  or  secondary  strata  which  arc  so 
rarely  horizontal.  That  is  a  simple  and  intelligible 
case ;  and  it  is  here  also  easy  to  see,  thai,  in  another 
part  of  such  a  deposit,  a  very  mixed  and  uncertain 
collision  must  take  place  among  the  edges  of  the 
superior  and  the  inferior  strata.  In  nature,  this 
happens  on  a  much  greater  scale,  and  is  often  a 
source  of  difficulty  to  geologists;  lo  whom,  if  impro- 
perly viewed  or  reasoned  on,  it  presents  appearances 
of  di^iturhancr  which  have  never  existitl.  It  is  a 
necpiisary  result  in   those    extensive    dt'p<i.'>ils  which 


mu^t  be  cousidered  ot  a  partial  nature,  aiid  wbicli 
have  been  called  ba&ins  ;  and  the  coid  scne»,  in  iiioHt 
siliiations,  presents  conspicuou.s  eXHinples  of  it,  wliicli 
have  often  been  luncli  uiisapprchended. 

It  is  a  general  remark,  that  un  opposite  sides  of  a 
hill  or  of  a  ridg:e,  even  though  it  sliouUl  be  a  nioun- 
Iain  of  granite,  the  same  series  of  stratii  will  occur 
in  a  correspouding  order :  deposited  on  it  in  two 
places  by  one  general  taw,  according  to  some  geo-) 
logistS}  but  being  one  series  separated  by  its  inter- 
position, aeeording  to  the  views  entertained  in  iIiih 
work.  Yet,  in  some  situations,  the  strata  on  oppo- 
site sides  of  a  ridge  differ  ;  and  this  may  \>c  cxpluiried 
by  considering  them  as  separate  deposits  that  have 
been  formed  from  different  original  sources  in  dif. 
ferent  cavities  or  basins. 

This  fact,  under  various  modifications,  ia  of  very 
eommon  occurrence,  and  contradicts  the  doctrine  of 
uuivej-.sal  formations ;  the  imaginary  nature  of  which 
is  noticed  when  treating  of  the  order  of  sueeet»sion 
among  strata.  (Chap,  xiv.)  I'he  wish  to  extend  ana- 
logies is  perhaps  natural  to  the  human  mind  ;  and, 
in  this  case  among  others,  it  has  had  an  unfortunate 
eflect  in  Geology.  It  thus  becomes  the  object  of  the 
observer,  not  so  much  to  investigate  accurately  and 
describe  carefully  what  is  l)cforc  him,  as  to  decide 
whether  a  stratum  belongs  to  this  or  the  other  of 
some  series  which  he  has  made  hia  stamlard  of  com- 
pitrison.  Tims  even  the  accurate  English  gcologi-ji 
inuy  fall  under  the  reproach  which  has  been  ])ecu- 
liarly  bestowed  on  Werner;  finding  a  Britain  wbere- 
ever  the  latter  discovered  a  Saxony.  "  Aflfingit  paral- 
lela  et  corrcspondcntia  ct  rdativa  cpia^  nun  Mmt,"  is 
the  censure  which  liacon  has  applied  to  plulosophei^ 
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wliu  llius  exceetl  the  limits  of  that  which  can  be  use 
fill  only  when  kq>t  under  due  restraint. 

Whatever  analogies    therefore   may  be  found  al 
over  the  world,  not  only  uinong  the  natures  of  the 
.strata,  but  in  their  relative    order  of    stratification, 
thore  is  no  where  that  resemblance  which  can  auth 
rixe  US  in  supposing  that  they  have  either  been  si 
ninUaneous  or  under  the  influence  of  an   universa 
law.     The  instances  hereafter  quoted  in  the  Chaptc 
on  the  actuid  liuccessions  of  rocks,    will  illustrate  and 
conGrm  this  viow.      But  the  resemblances  are  mor^fl 
general,    or    rather    the  analogy  is  more   extensive/^^ 
among  the  most  ancictit  strata  than  among  the   raorc 
recent;  and  as  wc  ascend  in  the  order  of  the  series. 
or  descend  in  the  order  of  time,  the  discrcpuucies    in 
crease.      This  is  what  might  be  expected,  even   from 
contemplating  the  view  elsewhere  given  of  the  com- 
I)osition  of  rocks;    the  more  ancient  appearing  to 
have  been  at  one  time  nnder  the  influence  of  a  com- 
mon power  from  which  the  others  have  be<'n  exempt. 
Tims  wc  may  perhaps  account  for  the  prevalence  of 
gneiss,    hornblende    schist,      and    micaceous    schist, 
among  the  lowest  strata  ;    although  the  nature  of  tlic 
rocks  whence  the  original  materials  were  procured, 
may  also  have  been  a  modif^'ing  canse.     Bnt  even 
here,  it  will   hereafter  l>e   shown,  that   the    order  of 
succession  is  only  general,  and  very  far  indeed  from 
lieing  so  particular  as  it  has  been  imagined. 

The  further  we  examine  upwards,  the  more  we 
shall  be  convinced  that  all  successions  are  analogous, 
and  not  identical ;  though  the  accuracy  of  the  ana- 
logy in  the  order  of  succession,  or  the  extent  covered 
by  some  one  definite  series,  is  extremely  various.  By 
comincucing  at  the  vcrv  snrfacc  of  the  earth,    we 
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fjhull  more  eiisily  coiiiprehciid  the  Lrulli  of  tliii>  re- 
mark, and  the  probublc  lhuhc  in  which  these  dil- 
fcrcuccs  have  originated. 

The  smallest  deposits  which  we  know,  are  those 
formed  in  lakes  and  estuaries ;  and  if  wc  cxaiuiue 
these,  although  wc  shall  find  that  they  all  eotitain 
alteniation>>  or  successions  of  iniid,  shells^  (^lay,  aud 
sand,  yet  we  shall  see  that  there  arc  probably  no  two 
iu  which  these  uiatcrialt^  ore  deposited  in  the  same 
order  or  proportions.  Here  is  a  perfect  analogy,  but 
uo  identity  ;  and  we  can  assign  the  reasons  with  the 
greatest  confidence,  from  knowing  the  various  natiue 
of  the  substances  deposited  iu  them  by  the  rivers,  and 
the  une<{t]al  fertility  of  the  organic  beings  which 
they  have  nourished.  In  these  deposits  we  find  a 
fair  analogy,  because  in  them  we  trace  the  germs  of 
tlio  rocky  stnita. 

The  uppermost  of  tliosc  deposits  which  are  suffici- 
ently antient  to  have  assumed  the  character  of  rock, 
arc  those  known  by  tJie  name  of  frcsli  water  forma- 
tions ;  and  these,  it  is  probable,  have  Ih-cu  deposited 
iu  the  basins  of  auticnt  lakes  and  i£stnarie«.  Among 
those  that  have  hitherto  been  carefully  examiued,  we 
atbo  trace  similar  analogies,  but  no  identities. 

It  is  at  a  considerable  distance  from  these,  down- 
wards in  tlic  order  of  the  strata,  that  we  find  anotlier 
and  a  very  important  class  of  deposits,  namely,  the 
coal  strata.  In  these  also  there  is  a  general  analogy 
throughout ;  but,  in  no  two  do  the  substances  occur 
exactly  in  the  same  proportion  or  order ;  wiiile  we 
can  here  also  assign  the  probable  cause,  by  knowing 
that  they  are  deposits  from  fresh  water,  and  therefore 
probably  formed  iu  separate  lakes. 

It  is  unnecessary  to  prolong  this  reasoning,  as  its 
ulgcct    luusl   already    be    obvious.     Whutever    sea» 
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rcceivwl  the  materiuls  that  have  formcH  the  different 
secondary  strata,   it  is  plain  that  the  furthest  limit  o! 
ideulity    among  these  strata  thus  deposited  l>cneatl 
it,  will  be  bounded  by  the  extent  of  any  one;  while,' 
in  different  seas,  we  must  expect  different,  although 
analogous,  collections  of  strata.     It  is  not  howeveifl 
necccssary   that,  even  in    one    submarine  cavity,   or 
within  the  limits  of  one  sea,  the  strata  should  be  every 
where  identical.     Different   rivers  may  have  entered 
by  diffi'rent  estuaries,  and  the  depositions  from  these 
must  have  varied  in  character  and  manner,  accordiiig^^ 
In  ihe  materials  which  they  deposited,  or   accordin^^ 
Id  the  ualure  of  the  mountains  in  which  their  sources 
Iny.    This  supposition  is  confirmed  by  examining  the 
English  scries,  of  which  an  account  is  given  in  a  future 
chapter.     There  is  a  certain  general  order  in  that  part' 
of  it  wliich  Ilea  about   the  coal   strata,  such  as  may 
make  us  conclude  that  it  was  deposited  in  one  period 
of  repose  and  in  one  cavity;  but  if  we  examine  the 
proportions  and   positions  of  the  difl^crcnt  memben^l 
throughout  the   whole    spree,   tlierc    are   difference*^ 
which  I>espenk  analugou!>  viiriutions  iu  the  depo9ite< 
materials. 

Tliis  is  confirmed  in  another  way,  by  examininj 
thoM*  submarine  depositions,   now  within   our  reach,' 
which  are   probuldy  destined  to  form  future  strata, 
and  which  are,  to  all  appearance,  the  copies  of  those 
from  which  the  consolidated  strata  have  originated^! 
It  is  so  well  knoivn  to  mariners  that  the  alluvia  which 
rover  the   bottom  of  the  English  Channel  differ   iii^ 
diiferent  places,  that   these  variations   are  used  as  ^| 
gttidc  ill  navigating  that  sea.     It  is   by  the  quality  of 
the  soundings,  as  these  may  consist  of  sand,  of  mud, 
of  shells  of  piu"liculiir  character,  or  of  various  mixture* 
of  those,  that  the  pilot  dcteimtiics  hi^  place  when  the 
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darkness  of  night  or  the  hazinefts  ol"  the  wrathor  coii- 
C4'als  the  land  from  his  view. 

It  has  l)cen  ohsorvcd  ihtit,  in  many  plaiTs,  certain 
strata  of  ilillcTcut  natures  are  nsually  ussociuteU  in 
gronps,  as  they  may  he  tenncil,  or  that  one  rock  of  a 
rennu-kahle  character  is  intersiraiified  with  a  minor 
<|nanrity  of  others,  for  a  certain  depth  l>cfore  it  6nally 
ceases  to  give  way  to  another  equally  consptcnous. 
llius,  for  example,  gneiss  and  hornhlendc  schist  are 
frccjuetitly  found  united,  and  the  latter  in  small  pro- 
portion to  the  former;  an<l  thus  the  red  marl  sand- 
stone of  England,  contains  beds  of  clay,  shale,  and 
limestone.  Ttiese  minor  strata  have  been  called  sub- 
ordinate; a  term,  the  natnre  and  abuse  of  which  is  ex- 
amined iu  another  place;  and  to  thef*e  associations 
tlie  very  awkward  name  formation  has  been  applied. 
It  has  been  supposed  that  the  invention  of  this  term 
has  been  of  great  tise  to  Geology,  by  gcneraliKing 
certain  observations;  and  it  Is  also  imagined  that 
many  such /ormatiom  arc  really  definite  and  constatit. 
'Iliat  cannot  be  denied;  nor  will  the  utility  of  tlie  ex- 
pedient, in  some  cases,  he  fjuestioned.  But  it  is 
obvious  that  this  scheme  savours  too  much  of  hypo- 
thesis, and  that  it  may  become  n  fertile  source  of  that 
gratuitous  and  imfonnded  generalizatiou  against 
which  the  yonng  geologist  has  already  l)cen  cautione<l. 

Of  the  Nature  and  Causes  of  Stratijieatiou. 

Tliat  the  strata  conld  not  have  been  deposited  from 
solution  in  water,  is  sufficiently  shown  elsewhere,  and 
it  is  therefore  unnecessary  to  dwell  on  it  here  (Chap,  xii.) 
Tt  is  to  mechanical  deposition,  in  a  more  or  less  gra- 
dual manner,  and  from  suspcusiou  in  water,  that  we 
muM  attribute  their  orii^in,  as  is  more  fully  shown  in 
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ihe  same  rhaptpr.     If  iiny  tiling  could  provr  the  gia 
dual  and  mechanical  nature  of  this  process,  it  is  thi 
state  nnd  existence  of  fossil  shells  in  the  calcareous 
strata,  the  successions  of  generations  of  animals  en- 
tangled in  mud,  arisinsr  partly  from  their  own  source 
partly  from  esctraneous  materiab,  and  deposited  ac 
cording  to  the  strict  roles  of  mechanical  nrrangcmcn 
The  Oyster  liauks  of  our  own  times  arc  their  copie 
or  types;    and  they  wait  only  for  that  time  and   thcsd 
changes,  by  aid  of  which  they  are  destined  to  form 
the  limestones  of  a  future  earth.  |fl 

TTie  preparation  of  the  strata  is  a  tedious  proccss:^^ 
that  it  has  been  the  work  of  incalculable  time,  requires 
no  other  proof  than  that  now  mentioned;   thong 
endless  proofs  of  the  same  nature  are  found  in  th 
nature  of  the  strata  themselves,  and  in  the  changi 
now  going  on  upon  the  surface  of  the  earth. 

The  deposition  of  regular  strata  of  loose  materials 
in  distinct  succession,  may  be  seen  every  day,  in  the 
sections  of  lakes  and  marine  a>stnaries.     A  lake  ilM^ 
hut  the  image  and  model  of  a  sea;  an  aestuary  is  a  por-™ 
lion  of  the  ocean  itself.     By  whatever  hydrostatic  or 
mechanical  laws,  therefore,  the  process  of  stratification 
lias  been  regulated  in  these,  it  must  have  been  similarly 
regulated  in  the  ocean  itself.     It  is  ii  problem  in  whi(*U^ 
magnitude  does  not  form   an  element  of  calculation.^ 
As  far  as  relates  to  a  single  deposit,  even  the  precise     , 
mode  in  which  the  materials  are  distributed  on  thefl 
bottom  can  he  dc6ned;  since   it   consists  in   a  com-     'I 
bination  of  the  force  of  gravity  and  the  resistance  and 
motion    of  water.     The    diminution    of  the    ftimier 
powcf,  arising  from  the   different  specific  grarities 
the  earths  and  of  water,  added  to  the  minnteness 
the  niatorials,  which  thus  expose  a  large  relative  snr-' 
face  to  the  inccluuiicttl  inipulsi' of  the  water,  permits 


ilicm  to  be  iloateil  beiK'tith  it  to  great  distuuccs,  by  a 
succession  of  iniuiite  actions,  till  they  finally  settle 
immovcahly  on  the  bottom.  This  Xfry  process  may 
be  witnessed  at  the  mouths  of  great  isstuaries,  as  well 
aB  in  lakca.  In  the  latter,  as  in  the  former,  tile 
motions  of  the  rivers  first  carry  ihe  oiateriaU  fonx'ard 
to  certain  distances  proportioned  to  their  power;  and, 
in  the  former,  this  aetiou  is  incessantly  renewed  by 
the  daily  motions  of  the  tides;  in  both,  by  the  restlew 
state  of  the  water.  The  distance  to  which  mud  is  carrie<l 
into  the  ocean  by  the  great  rivers  of  America,  is  very 
great;  and,  to  a  less  degree,  the  same  phenomena  are 
visible  on  uU  sea  coasts ;  while  tlic  renewal  or  change  of 
place,  in  deposits  of  mud  or  saud,  by  the  action  of  the 
tides  and  by  gales  of  wind,  is  familiar  to  every  mariner. 
But  this  operation  is  also  carried  on  in  those 
dcptlis  which  our  eyes  cannot  reach  ;  as  is  proved  by 
the  sounding-Une.  Were  the  bottom  of  the  sea  not 
covered  with  loose  materials,  soundings  would  every 
whore  be  clean  and  rocky ;  whereas  mariners  well 
kuow  that  this  is  a  very  rare  occurrence,  and  that  it 
exists  only  where  elevated  rocks  arc  found ;  forms  on 
whicli  mad  could  not  settle.  That  this  state  of  the 
bottom  occurs  all  over  the  ocean,  we  cannot  prove ; 
as  the  depths  of  soundings  are  limited,  and,  owing  to 
the  negligence  of  seamen,  have  been  held  far  more  so 
than  they  acttudiy  arc.  But  no  soundings  have  ever 
yet  been  made  where  mud  and  loose  matterii  have  not 
been  found,  although  at  hundreds  of  miles  from  the 
nearest  land;  and  in  the  trials,  in  Ba0in's  Bay,  frag- 
ments  of  limestone  with  calcareous  mud  were  brought 

■      up  from  depths  of  a  thousand  fathoms. 

^K,    Not  only  the  deposition  of  loose  materials,  but  the 

^Bgeparation  of  different  kinds,  is  produced  by  water. 

^H|n   lakes   and   .nestuaries,    tins   is   witnessed   in   the 
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depoKits    ihemselvt^s,    which    prcRcnt   succcssion.s 
mud,  of  sand,  and  of  gravel.     There  18  no  difficulty  i 
understanding  the  nature  of  this  process;  since  it  il 
the  necessary  consctjuence  of  tlic  comparative  sizes 
the   materials,    or,   more   correctly  speaking,   of  t 
differences  of   ratio   between   the   contents   and   th' 
surfaces  of  the  respective  solids.     The  regular  iute 
stratification  of  sand  and  mica  on   sea  shores,   is 
familiar  example  of  this  fact. 

Thus  we  provide,  without  difficulty,  for  one  succes- 
sion at  least,  of  sand  or  gravel,  and  clay,  the  germs  of 
future   sandstfuie   and  dhale.      By   the   assistance 
marine  aninmls,  whose  colonies  are  disti-ibuted  on  tli 
hottoui,  we  also  obtain  a  calcareous  stratum  ;  and 
are  thus  furnished,  with  the  essence,  at  least,  of  eve 
stratum  which  nature  has  produced  among  the  secon- 
<lary  ones.     Such  of  the  causes  of  their  \'ariations 
we  have  been  able  to  conjectnre,  are  stated  in  thei 
proper  place,  as  are  those  by  which  the  primary  and 
secondary    are    distinguished.      Whence   those   v 
fre(|ucnt  alti^nations  have  arisen  among  them,  geold 
gists  have  not  yet  been  able  to  discover ;    but  th 
general  principle  is  established,  when  it  is  shown  th 
u  single  series  of  three  can  be  produced,  and   is  ac- 
tually formed,  by  these  operations.     It  nmst  indeed  bAH 
apparent,  that  in  a  series  of  revolutions,  probably  of  i^ 
very  intricate   nature,    and  tlirough   an    incalculable 
lapse  of  time  <lnring  which  the  materials  must  Imt 
ofien  hpi'u  changed,  it  is  impossible  to  discover  all  th 
circumstances   by  wliicli  these  alternations  have  Iwcri 
regulated.     But  it  must  still  be  reniembere<l,  that  aa 
far  as  transportation   and  deposition   alone  are  con 
crmed,  we  are  bound  to  explain  only  the  alternations 
of  sandstone  and  lihale,  or  clay,  in  which  there  ran  be 
im  great  difficulty.     Those  of  limestones  have   been 
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rpgnlatcd  by  the  casual  establishment  of  animal  colo- 
nies in  beds  favonrable  to  their  existence  and  repro- 
duction ;  as  it  is  clhewhere  shown  that  the  calcareous 
secondary  strata  are  chiefly  of  animal  origin.  But 
indeed  we  need  not  rest  the  decision  of  this  question 
on  gronnd-i  merely  possible;  since,  in  the  phenomena 
of  lakes  and  a^stuarics,  we  have  convincing  proof  of 
alternations,  not  only  of  clay  and  sand,  produced 
from  the  materials  brought  down  by  rivers,  bnt  of  beds 
of  shells  arid  calcareous  raud  also.  • 

Thus  the  origin  of  strata  is  derived  from  deposi- 
tions of  the  materials  of  the  dry  land  under  the  waterfl 
of  tlie  sea,  and,  in  some  cases,  of  great  inland  takes, 
intermixed  with  the  spoils  of  animals  that  have  lived 
and  died  through  a  long  succession  of  ages.  If  the 
daily  causes  of  waste  pulverize  the  solid  mountains, 
and  the  rivers  transport  their  rnins  to  the  sea,  so, 
other  causes,  acting  more  extensively  and  powerfully, 
must  be  allowed  a  share  in  producing  and  depositing 
the  materials  to  which  we  owe  our  present  stratified 
rocks.  The  extent  and  nature  of  these  operations  will 
be  fully  examined  in  its  proper  place,  as  they  are  now 
in  progress,  or  are  past,  and  as  they  include  that 
intei-csting  l>ranch  of  geology  which  relates  to  the 
present  surface  of  the  earth.  (Chap,  xxii.)  In  ll»e 
ruin*  of  an  antient  earth  we  6nd  the  materials  which 
form  the  present ;  as,  in  the  destruction  of  the  land 
which  we  now  inhabit,  nature  seems  to  Ih?  preparing 
habitations  for  future  raa^s  of  animated  beings. 

But  though  1  have  here  said,  that  causes  operating 
nmre  extensively  and  powerfully  than  the  slow  HCtions 
of  waste  and  transportation,  may  have  aided  in  pre- 
paring the  materials  of  the  strata,  we  must  beware  of 
allowing  more  eftect  to  these  than  they  were  capablt; 
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of    producing ;     as    lias    been    done    by    tliose 
object  to  certain  geological  claims  on  indefinite  Tiu 
and    who    seek    for  solutions    in    transitory    ililuvi 
powers.     The  cfibcts  of  such  torrents  must  have  be 
to  tWpo»it  mixed  materials  of  various  sizes,  in  h  co 
fased  luauoor  ;  and  they  eoiiM  thcn^fore  have  pr<:pari 
tlie  genns  of  the  conglomerate  strata  only.     The  strata 
formed  of  finer  material!!  must  havi;  been  the  conac-^^ 
t  quences  of  lediou^i  actions,  analogouji  to  those  whicl^^ 
we  daily  witness;  while  their  separation  into  distinct     > 
rocks,  into  alternations  of  clay  and  sand  producing 
schist  and  sandstone,  must  have  ec|nally  been  the  work 
of  a  slow  process  bcnnatb  the  water.     And   thus  also 
wc  diiwover,  frt>m  the  coQipurativcIy  small  proportion 
of  tho  mixe<l  and  conglomerate  strata,  the  small  ratio 
which,  in  antient  states  of  the  globe,  these  tumultuary 
actions  have   borne  to  the  more  gradual  ones  ;  while, 
from  the  concurrence  of  these  strata,  in  place,  witU 
otlier  appearances  indicating  revolutions,  wc  are  e 
abled  to  conjecture  the  causes  which  produced  the 
diluvian  notions. 

It  has  been  remarked  tliat  consolidated  and  iincoi 
solidated  strata  alternate,  and  that  strata  are  not  d 
posited  in  the  order  of  their  specific  gravity.     Both 
these  facts  ha\'e  been  urged  against  certain  geological 
theories;  but  they  will  prol>abiy  admit  of  explauatioa 
without  much  diAiculty. 

Tliough  the  consolidation  of  strata  is  not  here 
attributed  to  heat,  the  alternation  of  unconsolidated 
clay  or  sand  with  solid  rocks  proves  nothing  against 
such  a  snppositiou.  Hie  heated,  or  rather  the  fluid 
original  state  of  trap  veins  is  admitted ;  and  it  is  not 
nnnsual  to  find  these  in  tiie  form  of  pseudo-strala,  or 
parallel  veins,  alternating  with  beds  of  clay ;    while 


masses  of  trap  are  abo  found  incumbent  on  similtur 
beds.  In  such  cases>  the  clay  is  often  converted  into 
jasper,  in  others  it  is  partially  changed,  while,  in  a 
third  case  it  has  escaped  eutirely.  Sky  presents  the 
most  perfect  display  of  all  these  pbcoooicna.  Thus, 
nnd<'r  minor  degrees  of  heat,  ultemuting  beds  might 
have  escaped  its  action,  without  contnivening  the 
genera)  principle,  should  any  geolc^ists  l)e  inclined  to 
maintain  it.  But  there  is  still  another  well-known 
fact  which  ini^ht  be  adduced  in  proof  of  the  possibi- 
lity of  an  alternation  between  consohdated  and  un- 
consolidated strata,  even  if  heat  were  the  iudurudng 
cause.  This  is  the  decomposition  which  rocks 
undergo,  though  deeply  situated  l>eneath  the  sur- 
face ;  a  fact  common  in  granite  and  gneiss,  and 
even  in  trap  to  a  great  extent.  It  is  as  easy  to 
imagine  that  rocks  whose  constitution  admitted  of 
it,  should  have  undergone  this  change,  since  their 
consoHdation,  while  the  adjacent  ones  have  escaped, 
as  that,  under  the  circumstances  already  stated, 
they  should  have  esca)>ed  consolidation  altoge- 
ther. 

The  fact,  of  the  uncertain  recurrence  of  different 
specific  gravities  among  the  strata,  is  clearly  no 
obstacle  to  the  theory  of  stratification  here  laid  down. 
That  objection,  commonly  made,  is  founded  on  an 
pqnal  ignorance  of  the  chemistry  of  rocks  and  of 
mathematical  principles  :  even  were  it  admitted  that 
all  the  strata  had  been  deposited  from  a  single  mixture 
of  earth  and  water.  The  subsidence  of  solids  through 
water  is  regulated  by  other  principles,  as  I  have 
already  shown,  than  tliat  of  mere  specific  gravity. 
But  whatever  the  specific  gravity  of  the  materials^ 
mfty  have  been,  that  of  the  ultimate  solid  is  partly 
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regulated  by  its  final  state,  namely  the  density  conse- 
quent on  its  consolidation.  ^J 

Thns,  iu  a  single  scries  of  two  strata,  the  heaviest 
body  might  be  appennost ;  and,  in  fact,  if  quartz  and 
ferruginous  elay  were  suffered  to  subside  together  in 
water  under  agitation,  that  would  l)e  the  case.  As,  ia|B 
the  present  \'iew  of  stratihcation,  these  subsideuces 
have  been  gradual,  and  the  consequence  of  distant 
and  distinct  operations,  the  whole  objection  falls  to  , 
the  ground.  ^H 

It  is  as  little  an  objection  to  the  theory  of  successive 
stratification,  that  crystalline  and  earthy  rocks  alter- 
nate i  since,  under  the  ianumcrablc  variety  of  circiira-^ 
stances  in  which  they  have  been  formed,  or  to  whicqH 
they  may  have  been   exposed,  and  under  the  great 
variety  of  composition  which  they  present,   it  wouU 
be  much  more  surprising  were  this  not  the  case. 
need  dwell  on  this  supposed  difficnlty  no  longer ; 
'the  Geologist,  who  is  inclined  to  examine  the  various 
cases  that  may  occur,  will  find  a  guide  to  assi^it  him  ia 
the  chapter  which  treats  of  the  consolidation  of  rocks. 

The  mixtures,  gradations,  and  idternations,  which 
take  place  between  strata  of  different  natures  where 
they  meet,  have  given  rise  to  mnch  dispute  and  spe- 
culation ;  but  they  do  not  appear  difficult  of  explana- 
tion, on  the  simple  principles  which  are  indicated, 
here,  and  in  various  parts  of  this  work.  The  expla- 
nations of  individual  cases  must  however  depend  on  a 
variety  of  minute  and  local  particulars,  of  which  the 
explanation  would  be  tedious,  or,  for  want  of  minuU 
and  local  knowledge  of  events  long  past,  difficult. 

Where  clay  and  sand,  tu  rea^tsume  a  fundament 
and  easy  case,  are  subsiding  from  water,  it  is  obvioi 
that  there  might  be  a  race  run,  or  a  contest  for  time. 
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I 


Ut^i 


I)etwccn  the  moat  bnoyaiit  parts  of  the  inferior^  aud 
the  weightier  of  the  superior  deposit ;  whence  would 
follow  an  intermixture  of  character.  The  game  might 
occnr  from  the  mere  action  of  water  in  motion,  on  the 
mutual  con6ne8  of  two  substances  yet  free  to  move. 
As  to  that  interstratification  which  produces  beda 
properly  ciilled  subordinate,  it  is  an  obvious  conse- 
ijucoce  of  more  than  one  cause  acting  where  a  river  or 
:i  dtluvian  torrent  has  wasted  or  transported  different 
rocks,  either  at  different  periods,  or  from  changes  of 
place;  as  well  as  of  mixed  and  varying  hydrostatic 
actions  which  retjuirt;  only  to  be  named.  As  to  the 
variations  in  the  characters  of  those  strata  which,  like 
most  or  all  of  the  primary,  seem  to  have  been  sub- 
jected to  the  action  of  heat,  it  can  require  no  further 
explanation  than  the  general  ones  elsewhere  given,  of 
the  actions  uf  the  unstratified  rocks  on  the  strata,  and 
of  the  coosolidatlou  of  rocks. 
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CHAP.  VIII. 

"On  the  DisjmsitionSy  Fractures^  and  dishcaiions,  oj 
«"  Strata. 

-»!, 

When  ve  find  Uie  stratified  roeks   forming  the  sum- 
mits of  thft  highest  mountains.,  elevated  many  tho 
sands  of  feet  above  the  level  of  tlie  sea,  and  wlien 
suppose  that  the  objects  which  we  are  contemplarin 
were  onoc  covered  by  a  fluid,  wc  are  strongly  impres 
ed  iritJithc  dianges  which  the  relative  levels  of  the 
wattt  and  the  laml  ranst  liave  undergone,  with  the 
revolntions  which  the  surface  of  the  earth  has  experi- 
enced.    And  when  we   find  the  remains  of  shell-fish 
imbedded  in  these  strata,  we  cannot  hesitate  to  admit 
that  the.se  rocks  have  once  been  covered  by  the  Ocean.      I 
When  lastly  wc  observe  that  those  beds  which  must 
once  have  been  horizontal  arc  now  vertical,  that  they^J 
are  inclined,  broken,  bent,  and  dislocated,  in  inniuner-^^ 
able  ways,  we  are  forcibly  led  to  conclude  that  their 
present  distance  from  the  sea  has   been   accompanied 
by  violent  alterations  In  the  form  of  tlie  sarface,   and 
that  it  has  been  produced  by  the  action  of  enormous 
powers.     An  inquiry  into  the  probable  nature  and     . 
causes  of  alt  these  changes,  will  form  a  proper  coii<^B 
elusion  to  a  descriptiun  of  each  of  the  various  pheno-^ 
mcna  which  the  facts  themselves  present. 

The  horizontal  position  of  strata  is  not  incompatible 
with  their  situation  on  the   summits  of  the  highus 
mountains;    neither    are  the  inclined,  nor  even   lb 
vertical   slrata.  excluded    from    the   lowest    trronntU 


^ 


"Hie  sandstone  moniitainK  of  Rosashire,  formed  of  a 
strata  nearly  horizontal,  exceed  3000  feel  in  aititnde; 
Hnd,  on  the  low  sonthern  shores  of  England,  the  chalk 
bedy  are  fouiHl  in  a  vertical  position;  but  it  is,  never- 
theless, more  common  to  find  that  luountninous  coun- 
tries are  rharacterixed  hy  wi  inclined  stratification. 
In  some  places,  these  strata  arc  found  to  orcupv  th« 
vertical  an^le;  and,  iVoin  that,  they  present  every 
possible  inclination  down  to  tlic  horizontal  position. 
In  a  series  of  such  inclined  strata,  presenting  a  con- 
tbrmity  of  inclination,  the  paralirlism  is  not  always 
perfect.  Jt  is  not  unconiinoii,  on  the  contrary,  to  find 
tlial  tiie  aii^e  of  inclination  f^^rudually  increases,  or 
diminishes,  according  to  the  linf"  on  which  the  scries 
is  examined. 

This  is  the  simplest  appearance  of  elevated  strata: 
it  is  necessar)"  to  inquire  into  the  causes  which  have 
been  assigned  for  it;  that  the  fundamental  argument 
may  not  be  unnecessarily  incumbered  with  provisioni 
For  effects  of  a  more  complicated  nature.  ITie  first 
question  is,  whether  that  distance  between  the  sea 
and  this  its  prodnce,  is  to  be  accounted  for  by  the 
desertion  of  the  latter,  thut  is,  by  its  subsidence  to  a 
lower  level,  or  by  the  elc\'ation  of  the  land  above  the 
sraters.  It  is  unnecessary  here  to  clear  this  question 
^tof  the  incumbrance  it  once  snflei'ed  from  those  opi- 
nions which  attributed  the  deposition  of  slielU^and 
even  of  strata,  at  these  high  elevations,  to  the  ima- 
pned  operations  of  the  Mosaic  deluge.  The  time  of 
ithat  reasoning,  uhich  e<|uully  despised  philosophy 
and  perverted  Scripture,  is  past.  .u 

■The  subsidence  of  the  ocean  bears,  on  a  first  view, 
that  appearance  of  facility  which  invariably  mislead* 
unreflecting  ol)scrvcrs  and  feeble  rcasoncrs.  It  has 
been  ascertained  by  Ultoa,  that  the  sUatauearGuaiica- 
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velicn  in  Peru,  contain  shells  at  an  elevation  ol'  uiorti 
than  1 4,000  feet  above  the  level  of  the  sea.    To  depress 
the  ocean  from  that  point  to  its  present  level,  is  to 
annihilate,  or  otherwise  dispose  of,  all  the  water  that  j 
would  be  required  to  fill  the  imaginary  space  betwcei^H 
the  spheroid  whose  diameter  is  bounded  by  the  present 
level  of  the  sea,  and  that  which  exceeds  it  by  twice 
14,000  feet.     This  is  a  problem  for  which  neither  cho- 
iniatry  nor  geology  has  made  provision.     Nothing  io 
nature  is  annihilated;  nor  will  the  laws  of  astronomy 
here  concede  that   which    those    of  chemistry    alike 
refuse,  when  it  is  recollected  that  the  imaginary  mass 
of  water  in  question,  exceeds  one  five  liuudredth  part 
of  the  bulk  of  the  whole  earth.     To  attempt  to  prov 
that  it  has  not  retreated  within  imagined  abysses 
the  ^lobe,  would  now  be  to  argue,  it  is  hoped,  withont 
opponents. 

^<  £ven  if  all  this  could  be  admitted,  and  every  atl- 
vantage  allowed,  it  will  immediately  appear  that  thU 
supposition  offers  only  a  very  partial  explanation  of 
the  phenomena  that  attend  elevated  strata.  An  hypo- 
thesis that  explains  but  one  out  of  many  concatenateil 
ejTects,  carries  with  it  its  own  condemnation.  ^ 

Let  us  now  examine,  on  the  other  hand,  the  argu- 
ments which  prove  that  the  land  has,  on  the  contrary, 
quitted  the  sea;  that  it  has  been  raised,  by  whatever 
causes,  to  its  present  elevation  above  the  general  level 
of  the  simple  spheroid. 

If  the  highly  inclined  position  of  strata  were  not  in 
itself  a  proof  of  their  elevation,  evidences  of  motion 
are  found  in  a  great  number  of  phenomena,  which 
are  more  particularly  described  in  their  proper  places. 
In  their  curvatures  we  find  proofs  of  disturbance ;  we 
And  even  more  decided  evidence  to  the  same  purpow, 
in  their  fracture:^,      lint  when  we  sec  that  these  frac' 


tnrcs  arc  often  uccouipaiiicd  by  a  ttepuratioii  oi'  the 
parts  which  were  once  cuntirmous,  Uial  oue  portion 
of  a  stratDin  occupies  a  higher  or  tower  place  than 
another,  aud  that  this  separation  is  oitcn  attended  hy 
a  difference  in  the  angle  of  iucliiiatiou  of  the  sepa* 
rated  parts,  wc  have  every  proof  that  can  be  desired, 
of  an  altcratiun  in  the  positions  of  stratified  rocks 
since  the  period  at  whicli  tliey  were  formed  or  cousu* 
hdated.  Here  wc  may  safely  reason  from  a  part  to 
the  whole;  from  a  i^ingle  member  in  a  couucctcd 
traiu  of  phenomena,  to  all  those  by  which  it  is 
aecoaipaiiied. 

In  the  nature  of  the  materials,  of  which  many  oi* 
the  inclined  strata  are  formed,  we  find  further  proofs 
of  their  elevation.  It  is  elsewhere  shown,  that  many 
of  them  are  composed  of  substances  once  separate ;  of 
sand,  and  of  fragments  of  more  anticnt  rocks,  conso- 
lidated by  causes,  respecting  which  it  has  been  in- 
quired in  its  proper  place.  (Chap,  xii.)  It  is  admitted 
Uiat  the  finer  materials,  at  leasts  need  not  necessarily 
have  been  deposited  on  a  horizontal  plane  ;  but  that 
they  might  rest  beneath  water  at  angles  of  considera- 
ble inclination,  waiting  for  the  period  of  their  conso- 
lidation. But  this  admission  is  far  too  limited  to  be 
of  use  in  explaining  tlic  cases  that  occur.  It  is  noto- 
rious that  tlie  conglomerate  rocks,  which  form  such 
cnnspicuous  strata  in  many  countries,  and  which 
prevail  chiefly  at  tlie  boundary  wliich  separates  the 
(itrata  called  secondary  from  the  primary,  are  often 
found  in  positions,  not  only  highly  inclined,  but 
i>ibsolutcly  vertical.  As  the  materials  of  these  are 
~  often  of  such  hulk  jis  to  weigh,  even  many  hundred 
pounds,  it  is  evident  that  the  original  position  of  the 

I  (strata  which  contain  them,  must  have  been  hori- 
ftouul. 
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It  is  well  known  that  certain  marine  womis  which 
live  in  suatl  and  inhabit  straight  tubular  shells,  invari- 
ablv  penetrate  the  sand  in  a  vertical  direction.      Ana- 
logous fossils  found    iu   the    horizontal    btmta,    pre-^ 
serve  the  same  vertical  position.      But  where  sacl^^ 
Strata  are  inclined,  the  position  of  the  animal  is   no 
longer  vertical  to  the  horizon,    althongh   it  preserves     i 
its  per])cndicul:ir  position  to  the  stratum  j    indicating 
the  change  of  place  which  that  has  undergone   since 
it  formed  a  part  of  the  ocean's  bed.      Further,  when 
a  concave  shell  subsides  in  water,  it  must  necessarily 
rest   with  its  convexity  downwards;     and  thus   thi 
shells  of  snch  animals  of  this  form  as  have  died  oi 
submarine  banks,  arc  found  in  the  mud,  accumulated 
in  this  position.      But  in  the  cleTated  strata  of  rock 
iu  which  such  ronmins  abound,    they  are  found   no 
longer  to  regard  the  horizontal  plane;    while  their, 
position,  on  the  contrary,  respects  those  of  the  strata  p 
offering  a  test,     in  cases  of  great  disturbance,    by 
which  the  originally  inferior  part  of  any  such  stratum 
may  be  determined.      The  same  conclusion  follows 
from  considering  the  positions  of  leaves  in  the  strata, 
that  accompany  coal.      In  these  cases,  the  flat  side 
the  leaf  is  invariably  parallel  to  the  plane  of  the  sti 
turn,  ulthoagii  it  may  often  be  vertical  to  the  hortKon ; 
a  position,  it  is  sufficiently  plain,  in  n'hich  such  sub-j 
stances  could  not  have  been  deposited  from  water. 

'ilic  general  elevation  of  strata  from  the  bottom] 
of  the  ocean  being  thus  proved,  it  remains  to  inquire 
respecting  those  vurictiea  nf  appearance  and  of  relative 
position,  which  arc  cither  interesting  in  themsclTesj 
or  ill  their  consequences,  or  which  re<|iure  for  theil 
rxplanaiion  the  aid  of  other  accessary  causes. 

As  strata  may  be  elevatiH   to    the    perpendicular 
pokitiun  by  causeu  or  forc«rs  the  exact  nature  of  which 
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Vfc  t-Hiiiiot   ttsrertain,  it  is  easy  to  imagine  tliat  tliey 
may  puss  the  rcrtiiul  line,    or  Income  to  a  rcrlain 
Negree  reversed.       It  is  Tcry  plaiti  that,    in   such   a 
'case,     errors  iiit^ht    be  easily   comiiiitteU  irspectin^ 
[the  relations  of  ii  pariiculnr  series.     If,    for  example, 
[any  portion  of  a  simple  series  were  thus  to  be  reversed, 
10  tliat  the  one  part  shotild  approach  towards  a  pa- 
[^lUIcl  dirertion  with  the  otiior,    an   nnrcal  alternation 
rould  appear  to  exist;    or  that  strutiiiii  «'liich  was  in 
[tme  plaee  the  Inferior,   would,  in  another,    become 
[the    itjipermmt.      This  is  n  case,    however,  whieh, 
blast  always  he  diflicnlt  to  prove  ;   although  Snns«nre 
and  others  have  supposed  that  they   have  ascertained 
examples  of  it.     It  is  evidently,  not  only   a  possible 
bttt  a  probable  occurrence,  when  we  consider  the  ex- 
treme motions  which  strata  have  often  undergone ;  but 
to  determine  it  truly  where  it  exists,    must  be  left  to 
the  sagacity  and  knowledge  of  the  geologist ;    as  no 
rulea  conld  be  given  but  those  which  every  one  may 
dednce  for  himself  when  act]uuinted  with  the  pheno- 
'SUcna  of  rocks  in  naiurc. 

Contrariety  of  position  forms  one  of  the  most  inte- 
resting and  important  circumstances  attending  on  the 
changes  whicli  strata  have  undergone ;  not  only  offer- 
ing proofs  of  partial  and  distinct  apras  of  disturbance, 
but  presenting  some  of  the  most  satisfactory  e\*idcnce 
That  exists,  respecting  the  successive  changes  which 
appear  in  the  constitution  of  the  globe. 

The  simplest  case  of  this,  perliaps,  is  that  in  whieh 
approximate  strata  arc  merely  inclined  to  each  other 
in  opposing  directions,  and  wliere  no  one  is  distinctly 
pla(*ed  towards  tlie  next  in  a  reverse  or  unconformable 
position.  A  simple  series  of  tliis  nature,  consists  of 
beds  inclined  to  each  other  in  snch  a  manner  as  to 
respect  one  ^TrtiniJ  line,     llicsc  may  converge  from 
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an  iinagiimry  plane,  upwards  to  the  perpendicular,  or 
from  a  similar  platie  downwards  ;  In  which  latter  case 
they  have  been  called  divergent  strata;  in  both,  the 
term  radiated  has  been  applied  to  them. 

Such  a  aeries  is  subject  to  change  its  inclination  in 
the  course  of  its  progress  from  the  imaginary  perpen- 
dicular ;  the  angles  gradually  diniinisliing  til!  they 
iHCome  horizontal ;  and,  to  this  moditication,  the 
term  of  radiated  ought  in  strictness  to  be  limited.  It 
is  Fnithcr  not  nncommon  to  find  a  series  of  this  nature 
exceedingly  complicated  ;  the  angles  of  convergence 
and  divergence  occurring  alternately,  together  with 
intermediate  horizontal  portions.  The  western  coast 
of  Argyllshire  offers  a  very  interesting  and  extensive 
example,  in  a  series  containing  Chlorite  schist  and 
other  rocks,  which  is  described  in  another  part  o 
this  work.   (Chap,  xxvii.) 

The   appearances    under    review   are    interesliog,^ 
whether  we  advert  to  their  probable  causes,    or  to  thefl 
condition  of   the  strata  before  these   changes   took" 
place.     It  must  also  be  evident,    that  they  tend   to . 
confound  all  onr  reasonings  respecting  the  actual  or 
original  alternations  of  the  strata;  as  it  is  scarcely 
possible,    in  complicated  cases,    to  determine,  what 
belongs  to  original  position  and  what  to  disturbance ; 
how  far  the  succession  is  simple,  or  how  far  it  has 
been  inultipticd   by   the   repetitions    consec|uent    o 
change  of  place. 

To  assmne  a  simple  case,  it  is  evident  that  a  series 
of  itrata  becomes  doubled  by  one  convergence  ;  and, 
if  these  be  umttiplied,  there  h  no  limit  to  the  apparent 
repetitions  that  may  ensue.  Thus,  for  example, 
scries  of  four  rocks,  alternately  converging  to  poin 
above  and  below  the  surface,  so  as  to  form  six  com- 
plete anglcc),  will  present  the  deceptive  appcaraiice_of 
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twcnty-eiglit  alternations  ;  while  it  is  further  evideiil, 
that  the  troe  superposition  of  the  original  strata  is 
entirely  perverted.  The  resnlts  of  these  effects  cor- 
respond to  those  hereafter  described  in  tlie  case  of  un- 
dulations, where  tlie  upper  points  of  flexure  have 
been  removed . 

That  this  statement  is  not  visionary,    is  proved  by 
numerous  examples  on  a  small  scale  ;  where  not  only 
the  fact  itself  has  been  clearly  ascertained  by  natural 
sections,  but  rendered  e\'ident  by  the  peculiar  nature 
of  the  strata.     That  it  may  exist  on  a  very  extensive 
scale  also,  is  rendered  highly   probable   by    the   facts 
already  noticed  respecting  the  series  of  Argyllshire;  a 
tract   more    fully    described  in  the  account  of    (he 
Western  lalcs.     The  whole  of  this  tract  may  be  con- 
sidered as  exceeding  twenty  miles,    on   a  line  taken 
transversely    to   the    hearings    of    the    strata ;     and 
throughont  this  space,  computing  from  enumerations 
taken  at  difterent  places,  there  are   probably  not  less 
than  40,000  strata.     Yet  the  rocks  of  which  they  all 
consist  are  limited  essentially  to  four,  namely,  quartz 
rock,    micaceous  schist,    chlorite  schist,    and   horn- 
blende schittt ;  the  minor  variations  being  of  compa- 
ratively little  moment,    and  ciisily  conceived  to  be 
mere  varieties  of  these  four  fundamental   substances. 
Throughout  this  whole  space,    these  strata  present  an 
incalculable  number  of  discordant  positions,  consisting 
in  that  frequent  alternation  of  opposite   inclinations 
already  described,     intermixed  with  horizontal    and 
vertical    beds.         It   is  probably    therefore,   not  un- 
reasonable to  suppose,  that  this  tract  consisted  once 
of  a  series  of  horizontal  strata,  of  perhaps  four  sub- 
stances only;  and  that,  in  consequence  of  numerous 
displacements,    they   have  assumed   the  complicated 
and   deceptive   appearance  which   they  now  present. 
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That  such  a  series  woaUl  occupy  a  less  borizontiil 
space  after  disturlnincc  tliaii  before  it,  is  a  diffioally  j 
that  occurs  to  u  greater  or  less  degree  in  almost  every  ■ 
instance  of  siioilar  elevations ;  l>ut  it  is  not  auch  as  to 
alter   our    general    coucluiiiionti    respecting    the    real 
nature  of  these  phenomena. 

As  the  general  causes  of  the  elevations  of  strata  will 
necessarily  I>e  considered  hereafter,  it  is  only  now  r&- 
cjuisite  to  say,  that,  whatever  these  may  be,  it  is  ea*y 
to  apply  them  to  the  production  of  the  most  compli- 
cated of  these  eftccts,  by  merely  varying  their  energy  j 
or  multiplyiug  their  places,  or  repetitions.  It  canfl 
hardly  be  necessary  to  point  out,  that  one  elevation 
at  a  given  point  wonld  produce  a  simple  series  con- 
verging aljove  the  surface,  and  that  two  would  give 
rise  to  a  convergence  downwards  in  the  intermediate 
space.  If  subsidence  be  resorted  to  for  the  explana- 
tion, it  i»  only  re<[uisite  to  reverse  this  statement;  and 
it  is  further  evident,  that  the  most  extensive  and  dis- 
cordant series  that  can  exist,  will  admit  of  a  similar 
mode  of  explanation. 

Of  the  Depth  of  Strata  beneath  the  Surface. 

It  has  been  ignorantly  made  a  matter  of  reproach 
togeologists,  that  they  reasoned  respecting  the  strurture 
of  an  earth,  la  which  they  had  no  further  access  than 
by  operations  that  ought  to  be  considered  but  as 
scratches  on  its  snrfaoe.  It  has  been  said  that  the  highest 
mountains  were  but  as  dnst,  and  the  deepest  mines 
Imt  as  invisible  punctures  on  a  common  geographical 
globe.  But  a  consideration  of  the  elevated  positions 
of  stnita,  and  of  the  conscqucnceswhich  may  thence  he 
inferred,  are  tiifticieiii   to  show  that  ihi^   reproach  is 
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a&  unfounded  in  fact,  as  it  is  bottonicil  on  an  igno- 
rance of  gcoloj^ical  phenomena. 

if  wc  wiue  to  assume,  in  the  simple  case  of  a  ver- 
tical .stfHluni,  tliat  it  had  been  formed  in  this  ixisition, 
wc  have  no  rcujiou  for  denyiog,  thut  for  aught  V6 
can  prove  to  ibc  contrary,  it  may  reach  to  the  centre 
of  the  globe,  thus  rendering  our  knowledge  uf  the 
deepest  regions  us  perfect  as  that  of  the  suiface.  If, 
on  ihe  coutrur)',  wc  suppose  that  such  a  stratum  has 
once  been  horizontal,  and  has  become  vertical  from 
elevation,  we  have  only  to  measure  the  supcrhcial 
extent  of  any  large  similar  stratum  or  scries  of  stnita 
which  has  been  olwened,  and,  by  placing  it  in  l\w 
siunc  position,  we  can  infer  the  probable  depth  below 
the  surface,  from  tliat  which  is  visible  above  it. 

But  to  proceed  more  accurately,  let  us  suppose  a 
great  horizontal  tract  where  the  edges  of  strata  are 
exposed.  If  we  measure  these  at  right  angles  to  the 
plane  of  .stratiBcation,  and  then  suppose  them  restored 
to  their  original  horizontal  position,  we  have  dis- 
covered tlic  stiucture  of  the  carlh  to  at  least  the  same 
depth. 

This  Ls  not  an  imaginary  case,  though  put  in  an 
imaginary  fonn;  since  examples  of  it  occur,  all  over 
the  world.  The  erected  edges  of  a  scries  of  strata 
are  often  seen  following  each  other  over  large  hori- 
zontal spaces;  they  are  often  fotnul  in  the  acuter 
rocky  declivities  of  mountains,  or  in  vertical  clifl's. 
By  a  simple  trigonometrical  opcrutiin,  it  is  easy  to 
compute  tlie  thickness  of  a  scries;  or  it  might  be 
measured  by  a  repeated  addition  of  the  dimensions 
of  the  integrant  strata.  That  thickness  is  the  measure 
of  the  original  depth  before  elevation.  Thus  also  it 
may  be  computed  to  what  depth  from  tlie  surface,  at 
any  given  spot,  it  would  be  nctcfwary  to  sink  bcforek 
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reiicliing  the  lowest  Ix'd;  wlikli  is  evidently  the  vei 
depth,  be  it  what  it  may,  that  is  actually  exposed  to 
the  h'ght  nf  day.     It  may  he  much  more;  and  thit^H 
we  see  within  the  earlli   as  perfectly  as   if  it  wer^™ 
transparent.     It  is  unnecessary  to  name  examples  of 
A  fact  which  occurs  in  every  part  of  the  world;  but  it 
has  been  computed  by  Mr.  Playfeir  fi-om  an  observa^H 
tion  of  Pallas,  that  in  this  one  instance  (|uoted   Krom^" 
him,  we  probably   gain  access  to  61   miles  in  depth, 
or  nearly   a   sixty-iifth   part   of  the   radius   of  th< 
globe. 

It  is  howerer  necessary  to  modify  this  g;eneral  con 
elusion.     The  untemiinable,  or  even    distant  prolon- 
^tion  of  inclined  strata  downwards,  is  uo  more  pro- 
bable   than    their    Muinterrupted   continuity   on   the 
surface.     All  rocks   appear  to  be,  in  a  certain  sense, 
partial  and  limited,     lliey  are,  moreover,  sribject  to^ 
fractures    and   displacements,    which    must   interferol 
with  such  conclusions  respecting  their  prolongations 
beneath  the  surface,      'llie  very  fact  of  elevation  and 
displacement  implies  this  ;    while  we  have,  otherwise, 
no  reasons,  a  prinri,  for  supposing  that  strata  depo- 
sited from  an     oce^n,     however    antient,    can    exi^fl 
beyond  a  certain,    however  undefined,    depth  ;    while 
the  repetitions  of  beds  in  contrary  positions,    assure 
us  that  the  depositions  of  such   strata  have  been  the 
consequences  of  alternate  destruction  and  renewal. 

An  example  or  two  will  serve  to  illustrate   the  ni 
ture  of  the  limitations  to  be  made  in   reasoning 
specting  tlie  depths  of  strata  beneath  the  surface, 
the  Argyllshire  series  already  described,  it  was  shown 
that  the  appearances  were  easily  accounted  for  by 
theory  which  would  prove  their  depth,  either  now 
in  their  original  position,  to  be  very  limited.     Nor 
there  any  rea'*(m  in  imagine  ibal  they  exiend  to  greai 
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|4epths;  on  the  contrary,  the  very  nature  and  mnlti- 
phViiy  of  their  disturhanrcs,  argue,  not  only  for  their 
I  own  limited  extent,  but  show  how  similar  canscs  may 
'have  rqually  limited  the  subterrcne  extent  of  strata 
I  in  other  place-^,  where,  either  the  appearances  are  not 
[ao  obvions,  tjr  hare  not  been  so  perfectly  invcsti- 
I  gated. 

It  is  not  unnsual  to  meet  with  a  long  succession  of 
alternating  strata,  following  each  other  with  a  com* 
^tuon,  thotigli  variublc  inclination.  According  to  the 
rules  above  laid  down  for  couiputing  the  original 
depth  of  such  strata,  or  the  access  which  we  thus  gain 
within  the  earth,  we  might  conclude  that  wc  had 
penetrated  far  beneath  it.  Yet  we  might  here  be 
easily  deceived.  If  it  be  imagined  that  a  horizontal 
series  was  elevated  at  dilFerent  points  in  succession, 
so  as  to  preserve  such  a  consecutive  disposition  as 
may  aptly  be  represented  by  the  teeth  of  a  saw,  it  is 
plain  that  a  very  small  number  of  original  strata  would 
give  rise  to  a  great  series  of  inclined  ones,  and  that 
wc  miglit  form  a  very  false  conclusion  respecting  the 
real  nature  of  such  a  series.  It  is  probable,  from 
some  appearances  occurring  on  the  west  coast  of 
Scotland  and  among  the  neighbouring  islands,  that 
this  is  actually  the  case  in  that  tract;  and  we  are 
tlms  also  easily  led  to  explain  that  repeated  succession 
of  a  very  limited  number  of  strata  in  consecutive 
order,  which  is  found  among  the  islands  in  fjuestion. 

Of  ttncottformahle  Strata, 

The  next  case  of  contrariety  in  the  relative  po- 
sitions of  stnita.  is  of  much  greater  interest;  as 
affording  evidence  of  some  of  the  most  important 
rhangefl   whit  J)   have   ocrun'ed  on  the  surface  of  the 

VOL.   I  H 


98 


DtS POSITIONS,    PKACTirRES   AND 


I 


earth.     It  consists  in  that  clifTcrence  of  position  hi 
tween  approximate  strata  which  has  been   called  nxu 
conformahle.     In    this    modification,  tlie  strata    not" 
only  depart  from  a  general  parallel  order,    but   th^j 
chahj^e  is  so  abroptly  made,  thiit  one  scries,  or  stratura^^ 
is  found  placed  at  angles  to  another,  and  in  contact; 
so  as  that  the  planes  of  the   superior   repose  on  the 
edges  of  the  inferior.     The  angle  at  which  this  species 
of  junction  may  take  place,  is  variable;    and   its  va- 
riations lead    to   no   conclusions  that   are  not  vet 
obvious. 

It  is  easy  to  understand  the  miture  of  this  appear^ 
ance.     If  we  examine  the  deserted  bed  of  a  lake,  iu  a, 
stratified  country  of  the  usual  elevated  structure,  w^ 
shall  find  horizontal  strata  of  matters  more  or  less 
durated,  deposited  on  the  rocks  beneath,   in  reversi 
order.     Here  then  is  a  combination   of  events, 
which  we  sco  one  half,  and  infer,  with  tolerable  ct 
tainty,  the  other.     Tbe  conclusion  is  natural;  that 
period  has  elapsed  between  the  production  of  thca^ 
two  orders  of  strata,  and  that,   during  this  interval, 
the  inferior  series  had  i>een  displaced  from  their  original 
position.     Extending  this  reasoning  to  the  uppermost 
class  of  rocky  strata  with   which  we  are  acquainted, 
namely,  the  fresh  water  or  tertiary  deposits,  we  assign 
an  interval  of  time,  in  the  same  manner,  to  the  dif- 
ference of  position   which  separates  them  from    the 
secondary  or  marine  strata  beneath.     Aud  tlius  again, 
in  the  same  way,  we  discover  another  revolution  and 
another  interval,  at  the  boundary  whicli  scparatfs  the     . 
secondary  from  the  primary  strata;  indicated  equally     | 
by  reverse  order  of  position.     It  is  not  the  place  here 
to  pursue  the  train  of  reawnin^  to  which  these  apiM 
pearances  lead,  nor  to  specify   all    the    instances   in^ 
which   these  reversals   of  position    occnr.     A    more 
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proper  place  for  that  discussion  will  be  found  horeaftpr. 
(Cbap   xxi.)     It  is  aufticient    to   remark,    thiit   they 

[prove  a  series  of  changes,  vdth  intcrjiiediatc  intervals 

[■of  repose;  changes  which  have  elevated  in  snceession 
the  strata  that  had  been  once  deposited  in  a  horizontal 
position,  and  tiuiea  of  rest  permitting  the  fomnation 
of  new  deposits. 

(t  is  evident,  that  the  variations  in  the  appearances, 
at  these  junctions  of  unconformable  strata,  may  be 
considerable;  as  there  is  no  limit  to  the  varieties  of 

'  position  which  the  inferior  strata  may  have  assumed. 
The  angles  at  which  they  meet  may  amount  to  a 
right  angle:  they  may  be  infinitely  small,  or  parallel, 

"even  between  those  rocks  which,  at  another  point, 
may  be  completely  reversed;  since  these  circum- 
stances most  depend  on  the  discordant  or  regular  po- 
sition of  the  fundamental  sti'ata.     It  is  plain,   for  ex- 

'  ample,  that  a  horizontal  series  of  strata  now  deposited 
on  the  Argyllshire  series  already  described,  would  oc- 

|Cupy  every  possible  relative  position  to  the  same  rock. 
Tlius,  although  a  reverse  position  is  always  sufficient 
to  prove  an  interval  of  time  between  successive  strata, 
its  absence  is  not  always  evidence  of  the  negative. 

Tlie  simplest  case  only  has  I)€en  stated:  namely, 
that  in  which  the  superior  strata  are  horizontal,  what- 
ever may  be  the  position  of  the  inferior.  But  the 
superior  strata  are  often  highly  inchned,  while  the 

^inferior  are  still  tmeonformable  to  them.  It  is  pos- 
nible  that,  in  such  a  case,  the  most  antient  strata  may 
be  the  least  iucliued  of  the  two:  they  may  even  be 
hori7.nutal.  Wliatc ver  may  be  the  fact  in  this  respect, 
it  is  plain  that  the  iuelined  state  of  the  superior 
strata  proves  that  even  ihey  have  been  displaced 
since  their  deposition;  and  thus  it  is  also  prove<i 
thai       the    inferior     strata     have     been  twice    dis- 
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placed;  once  to  assume  the  indiiiod  position  them- 
selves, and  a  second  time  to  com  muni  cute  it  to  those 
of  which  they  formed  the  basis  and  support.  Other 
proofs  of  two  displacements  of  the  inferior  strata, 
will  he  found  in  the  phenomena  of  fractures  and  shift* 
hereafter  described. 

As  it  has  been  shown  that  there  have  been  suc- 
cessive displacements  and  depositions,  it  is  next  easy 
to  sec  that  three  or  more  reversals  of  position  might 
occur  ill  a  long  scries,    in   which  all  the  parts  wcre^| 
open  to  investigation.     This  indeed  may   be  infcrred^^ 
without  difHculty,  from  the  comparison  of  the  posi-^ 
tions  of  iljffercnt  sets  of  strata  ;    but  I  cannot  quote 
any  instance  in  wbich  more  than  two  have  actnal 
been  obsen*ed  in  one  spot.     Bnt  it  is  unnecessary  t( 
dwell  on  this   subject,     Sufiicicut  has  been  said   U 
show,  tliat  in  the  proofs  which  we  have  of  successive 
changes  in  the  positions  of  strata,  provision   is  mad< 
for  explaining  all  the  confusion  which  is  manifest  ii 
the  disposition  of  the  rocks  at  the  surface. 

Of  Fractttres  of  the  Strata. 

{f  strata  had  been  deposited  where  they  are  now 
found,  there  could  be  no  reason  for  expecting  any 
breaches  of  their  continuity.  Such  accidents  are 
nevertheless  common,  and  they  serv*^,  not  only  to 
confirm  the  opinion  that  the  positions  of  strata  have 
l)een  changed  since  their  formation,  but  to  give  u» 
■ome  insight  into  the  nature  and  direction  of  the 
moving  forces. 

The  simplest  irase  of  this  nature  consists  in  a  mere 
fracture  of  the  strata,  in  which  the  separated  parts 
remain  in  the  muiic  places.  'I'his  occurs  on  every 
ptMsible  scale  of  nuiguitude;  sometimes  affecting  very 
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stnaJI  beds,  or  even  portions  of  rocks ;  at  othcra, 
involving:  n  large  scries  of  strata.  Tbc  extent  of  such 
■fractures  also  varies;  but  is  rarely  very  great,  without 
being  attended  by  those  motions  which  will  imme- 
diately be  considered. 

It  is  much  more  common  to  find  that  the  separated 
portions  of  strata,  thus  fractured,  no  longer  preserve 
the  same  continuity  of  position;  and  these  changes 
are  attended  with  some  variety.  It  is  observed,  ia 
the  first  place,  that  a  distance  intcrveties  between  the 
separated  ends  of  the  mass,  in  a  line,  vertical,  or 
nearly  so,  to  the  plane  of  the  strata ;  and  the  quan- 
tity of  this,  or  the  extent  of  the  slide,  is  often  con- 
siderable, produdng  those  shifts  which  are  of  socb 
fre<|uent  inconvenience  in  the  progress  of  a  coal  mine. 
In  such  an  event,  the  broken  strata  may  continue 
parallel,  though  no  longer  in  the  same  plane :  but  it 
also  happens  that  an  alteration  of  the  angle  occurs  at 
the  same  time ;  so  that  the  same  series  of  rocks  pre- 
sents two  difl'crent  inclinations  on  the  opposite  sides 
of  the  place  of  fracture.  It  needs  scarcely  here  be 
shown,  that,  in  extreme  cases  of  this  natm-e,  the 
phenomena  of  opposing  or  convergent  strata  may  be 
■produced  ;  or  that  fractures  atteuded  with  a  mere 
change  of  inclination,  may  occur  without  being 
accompanied  by  any  sliding  or  complete  separation  of 
[the  broken  ends.  To  say  that  snch  fractures  aiid 
[shifts  may  also  be  attended  with  flexures  of  the  strata, 
or  that  tliey  may  be  the  con-setjuences  of  curvatures, 
exceeding  the  power  of  flexibility,  would  be  only  to 
anticipate  what  is  neccssiuily  detailed  in  the  following 
chapter. 

It  is  usual,  in  the  language  of  miners,  to  consider 
'a  stratum  as  eitlicr  elevated  or  depressed;  but  this 
ifxpressioH  is  regulated  by  his  casual  progress  along 
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the  stratum,   and  by  the  direction  in  which  he  is  cow 
sequeutly  compelled  to  seek  that  part  which  has  dis- 
appeared from  the  line  of  his  progress.     But  there  i 
a  real  distinction  of  this  kind  ;  since  if,  for  exumplo^ 
we  assume  a  scries  which  is  elpvated  at  a  high  nngl 
and  trace  it  from  ahove  downwards   along  its   piano* 
the  separated  portion,  iu  such  a  case  of  fracture,  may 
either  be  elevated  above  or   depressed  below,    that 
part  which  it  has  quitted.      Appearances  of  this  na- 
ture sen'e  to  ^ve  some  insight  into   the  place,    at 
least,  of  the  agents  or  forces  by  which  the  fractures 
have  I>een  produced.      In  the  case  of  vertical  strata 
which  have  been  broken  and  shifted,    it  is  evident 
that  the  motion  must  be  horizontal ;    while,   in  hori-i 
zoDtal  strata,  the  change  of    place  can    be  considere^^H 
as  en  elevation  or  a  depression,  only  as  it  relates  to 
the  progress  or  positioii  of  the  miner. 

As  it  has  been  shown  that  the  changes  of  position 
displayed  by  the  stratified  rocks  have  occurred  at 
different  periods,  so  it  is  certain  tliat  fractures  and 
shifts  belong  also  to  different  seras.  'I'his  is  proved 
without  dilKcuUy,  by  huding  that  one  of  these  inter- 
sects the  other  where  two  occur  together ;  while  eveu 
more  than  two  are  not  nnfrequent.  But  we  must 
remain  content  with  knowing  this  bare  fact ;  as  no 
criterion  has  been  discovered  by  which  it  can  be  as- 
certained at  what  period  any  slip  took  place,  or  wliat 
distance  of  time  has  intervened  between  snccessive 
events  of  this  nature. 

Tile  rircnmstance  of  fracture  prove-*  that  the  rocks 
which  have  thus  been  shifted,  had  actjuired  their  in- 
duration and  rigidity  before  the  slides  took  place ; 
and  as  the  fart  of  curvature  shows  that  the  rockn 
affected  in  this  manner  wore  then  flexible,  it  has  been 
argued  that  cnrvHturcs  arc  uecc»«arily  of  »   more  re- 
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mote  origin  than  slides.  Tliis  opinion  must  however 
be  qualified ;  as  it  is  shown  in  the  succeeding  chap- 
ter, not  only  that  curvatures  and  fractures  may  be 
simultaneous,  but  that  strata  are  actually  bent  by  the 
same  forces  by  which  they  have  been  broken  and 
separated  from  their  connexions. 

All  the  appearances  which  belong  to  fractures  and 
shifts,  are  to  be  seen  on  a  small  scale,  in  perfection  i 
occurring  in  innumerable  rocks,  so  as  to  form  cabi* 
net  specimens  which  arc  perfect  natural  models  of  the 
great  events  that  have  produced  so  many  important 
changes  in  the  surface  of  the  globe.  The  varieties 
thus  occurring,  are  often  singularly  interesting,  from 
their  peculiarities ;  and,  among  those  that  have  been 
[.described,  there  is  none  more  remarkable  than  one  of 
;which  I  have  given  an  account  in  the  Gfologicnl 
Transactions.  In  this,  a  succession  of  equal  slides  has 
taken  place,  in  such  a  manner  as  to  separate  an  inter- 
secting vein  of  the  original  rock  into  numerous  parts; 
marshalling  these  in  a  new  line  which  forms  a  consi- 
siderable  angle  with  the  original  position  of  the  vein. 
While  the  fact  is  in  itself  remarkable,  it  serves  as 
an  indication  of  the  changes  which  must  lake  place  in 
the  form  of  the  surface,  when  slides  of  an  analogous 
nature  have  occurred  on  the  large  scale. 

The  phenomena  of  rock  veins  having  already  been 
described,  and  those  of  mineral  veins  forming  the 
object  of  a  separate  chapter,  it  can  ouly  be  necessary 
to  remark  in  this  place,  that  all  the  displacements 
which  occur  in  strata,  and  all  the  reasonings  wliicb 
apply  to  their  disturbances  and  motions,  equally  occur 
in  veins,  and  are  ex|ually  applicable  to  them,  of  what- 
ever description  they  may  be.  As  such  veins  often 
exist  in  the  rocks,   before  displacement,  it  is  evident 

Hi  they  mast  be  impliciitcd  in  all  the  consequences 
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of  tlifi  motions  of  these.    The  very  existence  of  fioiii«. ] 
veins  is  further  involved  in  that  of  fractures,  and  it  is 
therefore  no  unavoidable  ol)iect  of  consideration  in  tbi» 
place. 

Tlie  fractured  end^  of  a  stratum,  or  rock,  may. 
remain  in  contact,  without  any  inter\'eniug  material, 
or  they  may  be  separated  to  a  distance  in   the  same 
inuuncr.     But  this  is  a  rare  occurrence,  and  is  only 
observed  in  the  more  recent  fractures  and  displace-, 
roent$ ;  generally,  indeed,  in  tlioae  in  which  wc 
aUnost  name  the  period  of  fracture.     It  is  a  general^ 
rule,   on  the  contrary,  that  aOrae  substance  interven< 
where  the  separation  occurs  ;  and  this,  according    tc 
its  quality  and  thirkness,    forms  veins  of    diffcrcul 
characters   and  dimensions.      It  is  equally  obvious, 
that  intersecting'  veins  will  he  the  natural  consequcncc.j 
of  fractures  and  slides  occurring  at  diil'erent  periods  ofj 
time. 

In  the  minuter  appearances,  the  matter  of  the  veins 
is  generally  quartz  or  carbonat  of  hmc,  sometimes  in- 
durated clay:  in  tlie  larger,  conglomerated  substances^j 
or    portions  of    the   unstratificd    rocks    occur;    buj^ 
enough  has  already   been  said   on  a  subject  whici 
nevertheless  required  to  be  noticed  among  those  phc-^] 
nomcna  with  which  it  is  so  intimately  connected.     I 
need  only  here  remark,  that  although  the  reunion  of^ 
fractured  rocks  is  generally  produced  by  the  intervcn- 
tion  of  those  sahstunces  which  form  the  minuter  veinsi 
and  generally,  it  is  prohat)le,  from  watery  intiltratious 
of  silica  or  carbonat   of  lime,   the  process,  in   some 
cases,  appears  rather  more  mysterious.     Thus  1  have 
observed,    that  honiblende  schist  is  reunited  by  veins 
of  the  same  substance,   and  gneiss   by  intermediate 
laniinir  of  granite.     A  little  examinaliun  is  however 
suHicient  to  show  tbe  real  nature  of  these ;  the  new 
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rock  which  forms  tlie  cenieiUiug  substiuicc,  cx>usisting 
|Of  fragiiieiits  of  the  original  ones    united  Iiy  infil- 
rations  of  quartz. 

In  terniiuutin^  this  description  of  the  appearancrs 
which  attend  the  fractures  and  shifts  of  strata,  it  i» 
proper  to  inquire  respecting  the  truth  of  a  remark 
which  has  been  made  by  philosophers  of  hitrh  reputa- 
tion, namely,  that  they  arc  nmre  frequent  omon^  the 
primary  than  the  secondary  rocks.  I  believe  it  will 
appear,  on  an  unbiassed  investigation,  that  this  Is  not 
the  fact :  neither  is  its  existence  necessary  for  the 
NUpport  of  the  arguments  in  aid  of  which  it  appears 
to  have  been  brought  forward.  Contortions  and 
Hexures,  it  may  l)e  admitted,  are  most  fre^pient  and 
extensive  among  the  most  autient  rocks  ;  but  as- 
suredly none  of  these  can  be  said  to  exhibit  the 
derangements  inider  consideration,  in  a  degree  snpc- 
rior  to  some  of  the  latest  deposits,  to  the  coal  strata, 
for  example.  But  this  distinction  is  in  itself  curions, 
and  even  perhaps  more  valuable  in  argument  than 
the  imaginary  statement  here  contradicted ;  as  it 
proves,  that  although  both  kinds  bear  marks  of  dis- 
placement and  force,  they  have  yielded  to  it  according 
to  important  differences,  either  in  their  original  con- 
stitution, or  in  (he  accom]>imying  circuuiitances. 

The  proofs  of  elevation  of  the  strata  given  at  the 
rommenrcmcnt  of  this  chapter,  are  sufhcient  to  ac- 
count for  the  occurrence  of  fractures  and  shifts  ;  and 
whatever  causes  may  be  assigned  for  the  one,  they  are, 
with  certain  modi6cations,  applicable  to  the  other.  It 
remains,  however,  to  consider  what  further  argimients 
tlicsc  phenomena  afford  towards  the  existence  of 
motion  among  the  strata. 

'i'he  bare  circumstance  of  a  separation  existing 
lietween  the  ends  of  two  sets  of  slrutu,   in  the  ordef 
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and  nature  oi'  which  the  most  accurate  coiTespondent 
can  still  be  traced,  arc  proofs  of  motion  that  cannot 
be  iiiistakcu.     It  would  be  intruding  upon  the  reader's 
patience  to  dwell  on  the  ftirther  important  proofs  that^ 
are  seen,  in  the  great  change  of  inclination  betwee^| 
the  separated  parts,  which  sometimes  occurs  in  these 
cases.     Bnt  it  is  essential  to  notice  the  effects  oftenM 
prniluced  at  the  places  of  fractnrc ;  which  consist  il^ 
the  coniminution  and  separation  of  those  fragments 
that  ha%'e  afterwards  constituted  the  veins,  or  which, 
at   least,   enter   into  their  composition.      Thus,    the 
conglomerate  veins  noticed  in  a  former  chapter,  are 
evidences  of  tlie  force  which  has  attended  the  separa-^ 
tion  of  tlie  strata,  from  the  fragments  of  which  th< 
arc  chie6v  fonned. 


Of  the  Causes  of  ike  Displacements  of  Strata. 

Having  already  adduced  all  the  arguments  uecea- 
sary  for  proving  that  the  elevated  strata  have  under- 
gone changes  of  position,  it  is  proper  to  examine  those 
cases  where,  not  only  the  fact  of  diisplacemcnt  is  seen, 
hut  where  its    immediate   causes,    or   |)erhaps   more 
strictly,  concomittmts,   arc  present.     These  arc  to  be 
found  in  the  appearances  which  take  place  at  the 
junction  of  Granite  and  the  Trap  rocks  with  the  strata, 
the  minuter  ciirumstancea  of  which  are  particularly 
described  in  their  more  proper  places,  (chapters  xxiv. 
and  xxxix.)     In   these,   we  can  trace   examples,  not 
only  of  every  moditication  of  elevation,  fracture,  aut^^ 
slide  which  has  been  described,  but  the  phenomena  <^| 
curvature  also  that  arc  couaidered  in  the  succeeding 
chapter.     Tlic  more  innncdiatc  ciiuses  of  the  disloca^H 
lions  are  here  obvious  ;  as  they  consist  in  the  intrusio^^ 
of  ma&scs  of  matter,  which  every  accouipunying  cir- 
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cuinstancc  proves  to  have  been  iatrodticed  in  a  fluid 
state.  Thus  we,  at  any  rate,  establiHh  one  evident  im- 
mediate rause  for  the  displacement  of  rocks,  and  may 
with  c<|ual  security  conclude,  that  the  remote  one  lies 
in  the  power  of  heat  Could  there  be  any  doubt 
respecting  the  existence  of  this  power,  and  of  its  effi- 
cacy in  producing  the  effect  of  elevating  the  strata, 
the  state  of  the  Coral  islatids  of  the  Pacific  Oeeao, 
which  is  fnlly  detailed  in  a  subsequent  place,  (chapter 
xvii.)  would  put  it  beyond  dispute.  In  these,  the 
elevation  of  masses  of  coral  by  the  agency  of  volcanoes, 
is  proved  in  a  niauner  that  cannot  for  a  moment  be 
questioned. 

It  remains  ne-xt  lu  inquire  into  the  causes  of  the 
elevations  or  dislocations  of  strata,  in  those  ciiaes 
where  no  immediate  evidence  of  force  is  present ;  and 
to  sec,  lastly,  whetlit:r  any  ti-ain  of  analogy  can  be 
established  throughout  this  chain  of  facts,  capable  of 
leading  us  a  little  furthei",  namely,  to  the  general 
causes  of  dislocation  and  elevation;  a  question  form- 
ing one  of  the  most  important  of  those  which  are 
included  in  a  theory  of  the  earth. 

Although,  iu  many  instances,  neither  the  presence 
of  trap  nor  granite  can  be  traced  in  the  vicinity  of 
elevated  and  displaced  strata,  it  dociuot  thence  follow 
that  they  are  not  present.  It  is  well  known  that  trap 
rocks  have  entirely  disappeared  fix>m  the  surface  in 
many  places;  leaving,  as  indicatioas  of  tbeir  former 
presence,  scattered  masses,  deep  collectiuiibof  basaltic 
soil,  or  veins.  Of  these  facts,  Scolhuid  affords  in- 
numerable examples  which  cannot  be  misconceived. 
Here»  it  is  plain,  we  miglit  attribute  the  displacements 
of  strata  which  occur  in  such  situations,  to  unknown 
^or  hypothetical  caus»?s,  when  they  are  in  fact  the  rc- 
ult  of  well-knuwu  actions,  and  of  the  former  present* 
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of  sul)stanccs  whose  power  wc  have  in  other  ca.se> 
witnessed.     It  is  equally  certain  that  the  veins  of  trap 
are  connected  with  deep-seated  masses  of  the  sam^H 
aubstanccs;  and  it  is  easy  to  conceive  that  these  inay,^ 
not  only  he  themselves  invisible,  but  that  even  their 
ordinary  intUcations,  through  ramifying  veins  attaining 
thesmface,  may  not  Ijo  present,  or  arc,  from  eicumstan-S 
ces,  not  to  be  discovered.     Thus  strata  may  have  becrf^ 
elevated  by  subjacent  yet  invisible  masses  of  the  tra^^ 
rocks.  ^1 

'I'he    same   reasoning   applies    in    a   still  stronger 
degree  to  granite,  which,  from  the  very  nature  of  i 
position  with  respect  to  all  the  strata,  is  often,  n 
only  present,  but  even  near  at  hand,  when  it  is  invisi 
hie.    Of  this,  we  sec  examples  every  day  in  granitic 
countries;  where  luttural  sections  sometimes    detect 
the  presence  below  tlie  surface,  of  masses  of  granite 
which  do  not  reach  it;  or  when  the  presence  of  con- 
tinuous masscss  of  this  rock  beneath,  is  indicated  by 
vein*  or  by  detached  portions. 

Now  in  examining  the  junctions  of  the  strata  witli 
granite,  it  is  found,  as  elst^where  more  fully  detailed, 
that  these  arc  of  a  very  irregular  nature.  Not  only 
arc  they  such  us  to  prove  that  the  strata  have  not 
been  deposited  on  the  granite  in  regular  succession, 
but  the  marks  of  fractures  and  diblocation  which  they 
present,  prove  that  the  granitic  rocks  have  been  pro- 
truded Ix^neath  tlicin  and  have  formed  the  immediately 
acting  force.  Thus  it  may  be  argued,  that  in  many 
instances  where  granite  cannot  be  traced,  or  where 
we  have  nut  even  any  indications  that  should  justify 
us  in  believing  it  present,  it  may  still  be  the  cause  of 
the  appearances  under  ivview. 

'rims  far  the  chain  of  urgunu-nt  ai>pears  unbroken, 
hut  here  il  tcrminutcs.     It  is  unnecessary  to  pursue 


it  with  the  same  lutntiteuess  through  ita  more  hvpothe- 
tical  progrcbs.  The  strata  present  marks  uf  cjevatioii 
and  dislwation;  it  is  shown  that  these  appeiirances 
are  visibly  produced  by  the  iutrusion  of  ui]!»tra(ifiod 
rocks;  it  is  inferred  that  they  may  he  produced  by 
the  same  causes  in  phices  where  the  agfnits  are  invi- 
sible. It  is  easy  for  the  i-eader  to  complete  tliis  pro- 
cess; or,  if  he  is  dissatisfied  with  the  consefjuences 
that  would  arise  from  thus  pnrsuing  it,  to  withhold 
his  further  assent.  It  is  incumbent  on  an  author  to 
place  the  premises  on  which  a  theory  may  be  esta- 
blished, in  as  cU'Ura  view  and  on  as  firm  a  foundation  its 
his  capacity  and  knowledge  perniiti  but  it  is  not  neces- 
sary that  he  should  insist  on  that  assent  which  he 
may  himself  have  given,  as  long  as  one  step  of  (he 
process  remains  imperfect  or  one  solid  objection  can 
he  tuged. 

la  terminating  this  chapter,  it  is  yet  necessary  to 
Bay,  that  some  geologists  have  suggested  the  subsi* 
dence  of  the  strata  into  subterraneous  caverns  as 
causes  of  their  elevation  and  dislocation.  After  all 
that  has  heen  nrged  against  the  power  of  such  acci- 
dents to  produce  the  eSects  of  this  nature  that  arc 
visible,  1  know  not  that  there  is  more  than  one  variety 
which  it  is  really  incajiable  of  explaining.  The  force 
of  the  gravity  of  such  masses  may  be  conceived  ecjoal 
to  any  forces  of  protrusion  and  expansion  that  can  he 
assigned  ;  while,  excepting  that  just  alluded  to,  there  is 
no  moditicatiun  of  the  supposed  direction  of  the  pro- 
truding force,  nor  any  combination  of  these,  which 
may  not  be  as  adequately  represented  by  the  reverse 
powers  of  gravitation.  This  is  the  case  in  which 
masses  of  strata,  often  involving  large  tracts  of 
country,  are  moved  horizontally ;  a  circumstance  of 
fre(|uent  occurrence,  and  clearly  proved  by  the  intni- 
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sion  of  vertical  veins.     In  Cornwall,  where  so  man 
veins  are  cither  vertical,  or  elevated  at  high  migles, 
this  effect  must  have  taken  place  in  a  very  extensive 
manner:  but  the  most  palpable  instance  on  record  is 
that  described  as  being  found  in  Sky,  in  the  account 
of  the  Western  Isles.    At  this  jylace,  the  vertical  veini^| 
of  trap  are  so  numerous,  as,  in  some  places,  to  ef^oall 
in  breadth  one  fourth  of  the  including;  strata:  through- 
out the  whole  tract,  they  may  he  conjeclnred,  without 
any  error  that  can  affect  this  conclusion,  to  amount 
one  twentieth.     It  is  plain  therefore,  that  the  masa 
strata  must  have  been  laterally  extended  by  so  muehf 
and  it  is  evident  that  thfs  cannot  be  explained  by  any 
modification   of  subsidence,  as  the  sides  of  the  veins     i 
are  parallel.  ^H 

Till  indeed   some  evidence  is  produced  of  thcex^^ 
isteiice,  or  at  lea**!  the  (jrobability,  of  such  a  cavernous 
structure  in  the  earth,  we  might,  as  we  have  been 
desired  to  do,  fairly  withhold  our  assent  from  an  hy- 
pothesis  which    gives  us  no  additional   advantages; 
which  does  not  explain  the  appearances  in  an  casi^^ 
manner,  and  wliich   possesses  the  further  defect  <W^ 
being  iiriconnect<ni  with  any  of  the  analogies  or  phe- 
nomena by  which  the  theory  of  subterraneous  elev, 
tion    is    supported.     Yet  I  trust  hereafter  to  sho 
(Chap,  xxi.)   that  there  arc  appearances   among  thft 
sti-atn  that  cannot  be  explained  in  any  other  manner; 
and  if  the  proofs  then  to  he  offered  are  admitted,  it  will 
he  established,  not  only  that  there  aetnally  exists,  or 
has  existed,  a  cavernotis  structure  of  the  earth,  adapted 
to  the  prodnction  of  displacements  by  subsidence,  hut 
that  most  important  changes  of  that  nature  have  been 
produced  in  this  very  manner. 
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CHAP.  IX. 

On  the  Flexures  and  Contortions  of  Rocks. 

As  THE  fractures  and  dislocations  of  strata  give  riae 
to  important  deductions  with  regard  to  the  changes 
which  have  taken  place  in  the  superficial  portions  of 
the  earth  since  their  deposition,  so,  by  their  flexures 
and  contortions,  we  are  led  to  form  interesting  con- 
clusions respecting  the  original  condition  of  these 
deposits,  or  the  changes  which  they  may  have  expe- 
rienced after  their  formation. 

Instances  of  the  contortion  and  flexure  of  strata 
have  been  observed  in  every  part  of  the  world,  and 
they  will  be  found  recorded  in  the  writings  of  nume- 
rous authors ;  of  those  who  have  had  a  theory  to 
support,  and  of  those  who  profess  to  be  alike  indif- 
ferent to  all.  I  have  without  scruple  associated  toge- 
ther both  these  modifications  of  curvature ;  not  how- 
ever without  being  aware  that  some  writers  have  made 
distinctions,  and  have  deduced  separate  arguments  for 
their  particular  purposes,  from  each.  It  appears  to 
me  that  some  of  these  have  been  warped  by  the  par- 
ticular bias  of  the  writers  ;  but  such  distinctions  as 
seem  to  be  essential,  or  to  involve  interesting  cir- 
cumstances, will  be  pointed  out  wherever  it  is  thought 
necessary. 

Of  Flexures. 

The  simplest  species  of  flexure  is  that  which  re- 
sembles the  marks  left  by  the  retiring  sea  on   sandy 
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shores.    It  is  so  common  that  it  would  he  siiportluoiii 
to  ((note  examples ;  but  it  is  interestiDg  to  point   out^ 
<hc  kinds  of  rock  in  vvhich  it  has   been   observed.     It 
in  so  frequeut  in  the  secondary  saudstoncs,  that  it 
must  have  fallen  under  the  notice  of  every  one  ;  and 
it  is   often  also  found  in   the  shales  and   limestoneaj 
which    lielong  to  the  same  series  of    rocks.      The 
cause  appears  to  admit  of  no  doubt ;  as   we  are  al-H 
ready  sure,    from   the  presence  of   marine  shells  inS 
the  secondary  strata,    that  they  have  been  deposited 
at  the  bottom  of  the  sea.      There  is   no  ditiienlty   in 
tinders tiin ding  how  those  marks  stionld  remain  in  the 
strata  after  consolidation;  as   it  will   be  found  that 
their  planes  arc  separated,    exactly  as  those  of  the 
level  strata  are,  by  changes  in  the  quality  of  the  ma-a 
terials,  or  by  the  interposition  of  another  substance  ; 
jnst  as  the   loose  quartz  saud  on   the  shores  suffers^ 
mica  or  fine  clay  to  he  deposited  on  its  surface.  flj 

The  Tcry  minute  undulations  which  arc  sometimes 
found  in  the  argillaceous  schists,    differ  from  thcscj 
exceedingly,  as  well  in  their  size  as  in  their  reguhi-- 
rity;  and  if  they  have  not  arisen  from  the  same  causey 
it  is  to  be  feared  that  we  are  not  very  competent  ti 
ex|ilain  them.      To  say  that  they  are  modiBcationa  oi 
the  concretionary  structure,  may   perhaps   be  to  ap- 
proach the  truth ;  since  wc  know  of  many,  appear- 
ances far  more   extraordinary  than   this,   which   will 
admit  of  no  other  explanation  ;   imperfect  as  that  is* 
from  our  total  want  of  acfjuaintance  with  the  tmi 
nature  of  this  mysterious  process. 

Tlie  species  of  curvature  next  to  be  considered,  it 
of  a  very  different  nature,  and  opens  a  much   widen 
and  more  important  ticld  of  inqtiiry.    This  sometimes^ 
occurs  OD  so  large  a  ftcale  as  to  involve  whole  districtiiJ 


iieing  productive  of  correspondent  undulations  iu  the 
surface  of  the  land.  It  i^  scarcely  necessary  to  say 
that  it  varies,  as  well  in  the  degree  as  in  tlie  dispo- 
sition; the  curvatures  difitfing  exceedingly  in  their 
length  of  radius,  and  being  either  limited  to  one,  or 
repeated  in  successive  undulations,  so  as  to  present 
points  of  contrary  flexure.  Curvatures  of  this  exteo- 
aive  nature  arc  abo  found  to  involve  a  whole  series  of 
strata ;  extending  to  depths,  of  which  the  liiuits  have 
not  been  ascertained.  The  Coal  deposits  of  Ireland 
present  conspicuous  examples  of  this  nature;  but  the 
most  splendid  and  satisfactory  instance  ia  Britain,  is 
found  in  the  natural  and  deep  section  that  separates 
the  islands  of  Jura  and  Scarba.  llie  whole  series  of 
repeated  strata,  consisting  of  quart/,  rock,  micaceous 
schist,  and  argillaceous  scliist,  is  here  laid  bare  in 
cliffs  of  many  hundred  feet  in  height,  and  may  be 
examined  with  ease  by  those  who  may  choose  to  en- 
counter the  dangers  of  the  famed  Coryvrechan. 

It  docs  not  often  happen  on  this  very  large  Jtcalc, 
that  the  curvatures  of  the  strata  are  ao  considerable  as 
to  l>ecome  coincident  with  those  of  lengthened  el- 
lipses, or  that  the  opposite  sides  about  the  points  of 
flexure  approach  towards  a  parallel  position.  Exam- 
ples of  this  nature  have  however  be«n  observed  ;  and 
the  consequences  are  sometimes  such  as  to  give  rise 
20  important  eiTors  respecting  the  alternations  and 
relative  positions  of  certain  strata.  As  the  superficial 
cocks  of  a  ti'act  of  country  are  often  removed  by  the 
consequences  of  that  process  which  has  been  called 
denudation,  it  is  easy  to  understand  how,  ia  such 
a  case  of  successive  acute  undulations,  all  the  points 
of  flexure  at  the  surface  may  have  disappeared ; 
leaving  the  appearance  of  a  succession  of  strata  more 
or  Ic^s  irregularly  iucliued  to  each  other,  or  even,  if 
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is  possiblcj  absolutely  parallel.      It  is  evident  tl 
such  a  case,  a  very  simple  series  would  appear  to  be 
very    complicated,    and    this,     in   proportion  to  the 
nnmbcr  of  such  undulations.      It  is  furtbcr  easy  to 
see,  that  if  this  nnduktion  were  vertical,  or  disposed 
towards  the  horizon  in  such  a  manner  that  the  par 
lel  portions  should  show  a  horizontal    tendency, 
given  bed,     which  was  truly  the  uppermost  of  t 
series,  might  appear  at  one  curvature  to  be  the  lowes 
or  even  to  alternate  with  the  others  in  a  certain  ord 
It  is  easy  to  perceive  how  this  fact  affects  the  qu 
tion,  already  considered,  which  i-espects  the  positi 
and  alternations  of  strata. 

h  is  proper  however  to  remark  that  such  a  dec 
tion  can  only  arise  in  the  case  of  one  series,  where 
the  different  members  possess,  nnder  all  circnmsTance^H 
a  conformable,  or  parallel  position.     It  is  impossib^^ 
therefore,  as  some  careless  geologists  have  supposed, 
that  a  secondary  stratum  can  ever  appear,  from  this     ! 
cause,  to  lie  beneath  a  primary  one;  because  the  uaJM 
dulations  of  these  two  classes  are  not  coincident,  of^H 
conformable.     So  far  is  that  indeed  from  being  pos- 
sible, that  all  the  considerable  nndulations  not  only 
belong  exclusively  to  the  primary  strata,   but  these, 
whatever  they  may  be,  were  chiefly  determined  long 
before  the  secondary  had  been  deposited  upon  them. 

The    extreme   curvatures  and   nndnlations   which 
have  thus  been  considered,  may,  it  is  evident,  general 
fractures,  so  that  the  points  of  contrary  direction  maj 
represent  only  the  raotual  meeting  of  two  correspond? 
ing  scries ;  a  case  which  has  been  considered  in  th< 
preceding  chapter.     Such  fractures  most  be  considei 
as  the  necessary  consequence  of  a  force  tirged  beyoi 
the  power  of  ftexibilify  in  the  sirata:  and  that  this 
the  fact,  is  proved  by  instances  where  a  stratum,  or 
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serlM'of  strata,  which  is  only  l»ent  at  one  point,  is 
'l^rofcen  in  another.  As  this  fact  is  of  importance  in 
eaaonine"  respecting-  the  causes  of  curvature,  it  is  pro- 
per to  point  ont  one  remarkable  instance  where  the 
fracture  and  flexure  are  found  co-existing  at  the  same 
point  of  curvature;  the  different  effects  arising  from 
the  different  nature  of  the  associated  rocks.  'VhU 
example,  already  quoted  for  another  purpose,  may  be 
seen  in  Lunga,  where  argillaceons  schist  and  qnartK 
rock  are  found  alternating.  Where  the  flexure  is  very 
acute,  the  tjuartz  rock  is  broken  while  the  schist  is 
only  Ijent;  and,  in  some  extreme  cases,  fragments  of 
the  former  are  separated  and  entangled  among  the 
latter;  facts  speaking  a  language  that  cannot  be  mis- 
apprehended. 

It  seems  to  be  admitted  that  curvatures  on  the  large 
scale  may  take  place  in  more  than  one  direction,  so 
that  the  strata  shall  represent  spheroidal  crusts,  either 
concave  or  convex.  I  am  neither  able  however  to 
refer  to  any  well-marked  instances  of  this  nature,  nor 
aware  that  they  involve  any  peculiarities  which  may 
not  easily  be  conceived. 

CuTvatnres  of  small  dimensions  are  generally  more 
intricate  and  violent  than  the  larger^  and  they  abound 
every  where.  Ft  will  also  be  found  that  they  are  far 
more  ffe<|nent  in  the  primary  and  most  antieut,  than 
in  the  more  recent  strata;  and,  of  this  fact,  gneiss 
ofiers  some  of  the  moat  remarkable  examples.  It 
must  also  be  observed,  that  the  parallelism  of  the  ap- 
proximate strata  is  not  so  well  preserved  in  these 
I  cases;  the  curvatures  in  them  differing,  either  from 
I  the  origiually  unequal  thickness  of  the  different  beds, 
I  or  because,  during  the  period  of  softness  and  motion 
I  by  which  these  phenomena  are  here  explained,  some 
I      parts  have  undergone  a  greater  extension   than  the 
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Others,  Fractures  are  also  a  frequent  occurrence  in 
these  cases;  and  the  union  of  these  two  appearances 
proves,  that  while  the  bent  stratum  was  flexible,  it 
still  possessed  a  rigidity  limiting  its  power  of  yielding, 
within  a  certain  range. 


Of  ConturtUms 


Intricacy  of  flexure  naturally  leads  to  contortion ;  j 
a  term  properly  appUcabIc  to  the  appearances  ob^H 
served  in  many  rocks,  and  very  conspicDonsly  in  | 
gneiss  and  in  micaceous  schist.  Like  the  more  vio- 
lent degrees  of  flexure,  these  contortions  have  never 
been  found  beyond  the  range  of  the  more  antient 
strata.  To  convey  any  idea  of  their  forms  and  va- 
rieties by  description,  would  be  impossible,  as  the  ima- 
gination can  scarcely  exceed  them.  It  is  not  correct 
to  say,  as  has  been  saiJ,  that  these  contortions,  any 
more  than  ordinary  flexures,  are  limited  to  one  of  the 
opposing  lines  that  may  be  drawn  on  the  plane  of  a 
stratum;  or  that  they  ai?ect  the  vertical  and  not  the 
honzontal  direction,  as  has  been  equally  asserted,  A 
stratum  may  undulate  according  to  its  dip  or  its  di- 
rection; it  maybe  contorted  in  either  line,  or  in  Iwth 
at  once.  Nor  is  the  imaginary  limitation  required; 
as  it  is  not  necessary  to  limit  the  nature  or  direction 
of  the  force  applied. 

It  is  here  essential  to  state,  that  while  the  greater 
flexures  are  very  extensive,  whether  as  they  regard 
the  space,  or  the  number  of  strata  affected,  the  smaller 
are  limited,  and  the  minuter  contortions  confined  to 
still  more  narrow  hounds.  It  is  possible,  for  example, 
in  the  case  of  the  smaller  flexures,  that  one  portion 
of  a  stratum  may  be  bent  while  the  other  is  straight; 
or  even  that  a  bent  or  undulated  stratum  may  alter- 
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nate  with  a  straight  one.  In  the  case  of  contortions, 
the  intricacy  of  cun'ature  is  often  limited,  even  to  a 
space  of  a  few  feet  or  inches;  or  else  contortions  of 
so  many  different  kinds  and  degrees  may  exist  in  one 
rock  of  no  great  dimensions,  that  it  is  difficult,  or 
impossible,  to  believe  that  any  force  which  can  be 
specified  should  have  produced  such  effects.  But 
these  diOicuUics  will  be  considered  hereafter. 

There  is  one  peculiar  circniustancc  sometimes  at- 
tending the  minuter  contortions,  which  requires 
especial  notice;  because  it  has  given  rise  to  the  un- 
founded notion  that  the  rocks  which  are  commonly 
admitted  to  be  stratified,  also  existed  in  the  form  of 
veiaa.  It  can  only  happen  wlicrc  two  rucks  of  dif- 
ferent characters  approximate;  and  I  shidl  here  select 
two  examples  from  different  cases,  because  they  will 
serve  to  explain  all  similar  appearances.  Full  details 
of  two  particular  instances  of  tliese  have  been  givei> 
in  the  account  of  the  Western  Islands  and  in  the 
Geological  Transactions. 

At  the  points  of  flexure  in  an  alteniation  of  qnurtz 
rock  and  argillaceous  schist,  or  of  any  two  rocks  dif- 
fering in  their  degrees  of  flexibility,  the  lamina  of  the 
soft  rock  is  sometimes   so  protracted  and  attenuated 
^as  to  assume  the  form  of  a  vein  for  u  limited  distauce: 
Ibut  to  mistake  such  an  appearance  for  a  real  vein, 
^requires  a  degree  of  incapacity,  inattention,  or  pre- 
,fndice,  which  can  fall  to  the  lot  of  few.     Similar  ef- 
fects, but  from  a  different  cause,  arc  observed   where 
trap  rocks  im*ade  and  disturb  the  regularity  of  schis- 
tose or  arenaceous  strata.     Minute  portionsof  lamina 
become  compressed  by  the  invading  rock:  in  the  case 
occurring  at  Kinnonl  hill,  they  are  not  only  extenuated 
till  they  vanish,  but  they  even  ramify*.     Yet  no  error 
need  arise,  even  in  such  a  case  as  this;    since  tite 
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observer  may    trace   these   deceptive    prolougatioiifl 
to  the  stratum  to  which  they  belong. 

Theru  are  instanceB  in  which  the  contortions  of 
rocks  are  aot  at  first  obvious  to  inspection,  although 
they  admit  of  being  discovered.  This  somctimea 
happens  in  the  case  of  the  schists,  which  show  signs 
of  it  only  after  they  have  been  exposed  to  the  action 
of  heat ;  if  these  are  nut  rather  examples  of  the  con- 
cretionary structure.  In  other  cases,  where  contortion 
and  a  concretionary  structure  are  co-existent,  the 
former  may  be  concealed  by  the  latter ;  or,  while  the 
indications  of  concretionary  structure  are  marked  in 
the  divisibility  of  the  rock,  those  of  the  contortion  are 
pointed  out  only  by  variety  of  colour.  A  mass  of  soH 
schist  iu  the  Dock-yurd  at  Plymouth,  offers  an  acces- 
sible example  of  this  fact;  the  contortions  being 
indicated  by  an  alteruation  of  different  colours  at 
angles  to  the  schistose  structure. 

Although  the  most  important  and  remarkable  cases 
of  contortion  are  found  in  the  strata,  the  unstratified 
rocks  arc  not  exempt  from  them,  and  they  re(juire  to 
be  noticed  among  the  others.  From  the  very  nature 
of  these  rocks,  it  is  evident  that  they  cannot  be  easily 
seen ;  nor  indeed  are  they  to  be  discovered  except 
from  tlie  cousec^uences  of  decomposition.  They  are 
limited  to  pitchstoue  aud  to  some  mcml>crs  of  tlie  trap 
family.  In  the  former,  they  are  discovered  by  dif- 
ferences of  colour  on  the  surface,  resulting  from  the 
action  of  the  air ;  aud,  in  the  latter,  they  are  commonly 
rendered  evident  only  by  a  further  advance  towards 
decomposition.  They  will  require  no  other  observa- 
tions here ;  as  they  are  noticed  in  treating  of  these 
rocks,  and  as  their  causes  are  entirely  (hetiDct  from 
those  which  have  produced  the  corresponding  rfl'erts 
that  dTti  found  in  the  strata. 


Ual  species  of  coDtorttou  callia^  for  remark,  is 
that  foiuid  in  rock  veins,  and  it  presents  tlifficulties 
pccoliar  to  Itself;  at  present,  apparently  unsurmonnt- 
able.  Micaceous  and  ar^illaceou!)  Bchists  are,  as  is 
well  known,  very  toinmonly  traversed  by  veins,  often 
uumerons,  and  generally  slender.  In  the  fonncr  rock, 
they  invariably,  I  believe,  consist  of  (|nartz;  and,  in 
tlie  latter,  sometimes  of  this  mineral,  and,  at  others,  of 
calcareous  spar.  When  the  rocks  that  contain  them 
ure  contorted,  the  veins  are  at  the  same  time  bent  • 
following  their  sinuosities,  however  intricate,  without 
any  fracture  or  breach  of  continuity.  However  iu- 
Bexible  the.se  minerals  may  appear,  it  is  plain  that  they 
moat,  in  these  cases,  have  undergone  flexion.  It  ia 
impossible,  eitlier  that  open  hssures  occupying  these 
intricate  directions  could  have  been  formed  in  the  rock 
after  it  was  beul,  or  that,  if  previously  existing  and 
empty,  they  could  have  been  so  bent  without  being 
roblitcrated ;  waiting  to  be  6Ued,  at  a  future  time,  by 
'means  of  those  inBltratious  of  carbonat  of  lime  or 
silica  which  produce  them-  A  case  eveu  more  diiH- 
eult  frometiuies  occurs  in  gneiss  ;  where  veins  of  qnartK 
ftrefouudmostintricatcly  contorted,  although  the  laminae 
•of  the  including  rock  show  no  corrcs|>onding  indica- 
itions  of  flexure.  These  arc  difficulties  which,  aujoug 
ii  thousand  others,  must  remain  for  future  explanation  ; 
I  and  how  far  the  solution  of  these  cases  may  modify 
;  any  of  our  tlieories,  it  is  impossible  at  present  to 
i  foresee. 


Of  the  Uocks  .suhjecf  io  Flexures  and  Contortions, 

It  was  already  observed,  that  contortions  were  chiefly 
iftbundaut  and  conspicuous  among  the  more  antient 
Strata ;   and,  of  thc«c,  they  are  exceedingly  common 
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uud  remui'kablc  in  gneiss,  as  well  as  in  thu  hornblende 
schist  by  which  it  is  often  acompanied.  fiytheaIteroatioi> 
of  these  rocks,  which  are  p:eneraHy  »o  strongly  marked 
by  their  differences  of  colour,  they  are  indeed  often 
rendered  visible  at  a  distance  where  they  would  other- 
wise escape  notice.  They  abound  also  in  inicaceons 
schist,  where  they  offer  examples  of  intricacy  far  more 
minute  than  eren  in  gneiss.  The  flexures  of  quartx 
rock  are,  on  the  contrary,  cither  on  so  large  a  scale  as 
to  be  insensible,  except  in  a  considerable  space,  op, 
when  they  occur  on  a  scale  somewhat  smaller,  the 
appeanuices  are  exceedingly  partial.  Through  the 
'whole  of  a  most  extensive  examination  of  the  quarts; 
rock  of  Scotland*  1  have  found  but  two  examples  of 
this  kind,  and  even  those  were  barely  sensible  in  an 
extent  of  a  few  inches.  The  value  of  this  fact  will 
hereafter  be  apparent ;  although  it  appears  in  some 
measnrc  at  variance  with  those  already  stated  respect- 
ing the  tortuous  nature  of  quartz  veins. 

Itmay  perhaps  he  considered  remarkable,  thatalthouglr 
argillaceous  schist  is  subject  to  flexures,  it  rarely,  if 
ever,  exhibits  those  intricate  contortions  fnnnd  in 
micaceous  schist  or  gneiss.  Yet,  in  primary  lime- 
atone,  the  curvatures  arc  often  as  great  as  they  arc  hi 
the  last  of  these  rocks;  though  never  exhibiting  that 
extremely  tortuous  character  so  often  found  in  mica- 
ceous schist. 

With  rei^ect  to  the  whole  of  the  later,  or  secondary 
strata,  consisting  of  limestone,  shale,  and  sandstone, 
the  same  general  remark  will  suffice.  They  arc  all 
subject  to  curvatures;  but  in  no  case  have  these  been 
'Observed  to  be  sudden  or  considerable,  much  less, 
intricate. 

Before  proeecdiug  to  inquire  respecting  the  cause 
of  these  appearances,  it  reuiuins  to  sec  wlu'thcr  any  of 
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the  facts  that  relate  to  their  sitnation  or  connexions, 
are  likely  to  bear  on  this  question. 

It  luuy  be  remarked  in  the  first  placc^  that  the  ebief 
[curvatures  take  place  in  the  most  auticnt  strata;  and. 
Fin  these,  it  is  observed  thnt  their  positions  are  not 
[those  which  they  mast  have  originally  possessed,  if, 
as  is  supposed,  they  have  been  deposited  at  first  from 
water.     Yet  we  mnst  be  cantions  not  to  make  a  nile 
from  this  obscn*atton  ;  as  has  been  done  for  the  sup- 
port of  a  theory,  by  writers  who  ought  to  have  been 
well  aware  of  the  injury  done  to  a  cause  by  an  inap- 
plicable argument.     The  secondary  strata  arc  some- 
times elevated  to  the  vertical  angle  without  curvature. 
It  is  next  well  known,  that  cun'atures  of  the  strata, 
[and  even  considerable  contortions,  occur  in  the  vicinity 
of  trap  and  granite;  while  the  phenomena  by  which 
they  are  attended,  prove  that  the  derangement  of  the 
one  corresponds  to  the  position  of  the  other.     What- 
ever value  may  attach  to  this  well  known-fact,  in  the 
following  arguments,  it  must  at  the  same  time  be 
added,  that  innumerable  instances  of  cur\-ature  occur, 
where  the  presence  of  these  intruding  rocks  cannot  be 
(liacovered. 


Of  the  Causes  of  Flexttres  and  Contortions. 

It  remains  now  to  inquire  into  the  causes  of  these 
)}henouicna,  which,  it  must  be  very  apparent,  arc  of 
high  importance  iu  every  investigation  that  has  for  its 
object  a  legitimate  theorj-  of  t!ic  earth.  '" 

In  the  first  place,  it  is  proper  to  ascertain  whether 
the  strata  may  not  originally  have  possessed  this  form, 
whatever  theory  may  he  received  respecting  their 
origin.     It  may  be  admitted  without  much  hesitation. 
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that  many  cases  of  moderate  curvature  may  have  arisen 
from  the  form  of  the  basis  on  which  these  strata  were 
deposited;  as  it  in  not  absolutely  necessary  tliat  their 
materials  should  have  subsided  on.  a  horizontal  plane. 
rBat  it  must  be  apparent  that  this  oHers  but  a  very 
limited  resource  towards  the  explanation  of  the  phe- 
nomena of  curvature. 

They  who  have  chosen  to  imagine  that  strata  have 
been  formed  by  crystal lization,  and  not  by  deposition, 
have  also  asserted  that  all  the  appearances  in  question 
were  results  of  that  process;  supporting  the  weakness 
of  their  arguments,  if  not  founding  their  opinions,  on 
a  casual  cxpressiou  of  Saussure,  which  his  better  sense 
and  more  extensive  knowledge  would  probably  not 
have  maintained  for  an  instant,  had  the  ((uestiou 
become  a  matter  of  real  discussion.  The  laws  of 
crystallization  are  far  too  definite  to  admit  of  so  lax, 
an  application  of  the  term.  By  these  laws,  the  simple 
atoms,  or  compound  molecules  of  bodies,  arc  arranged 
under  certain  geometrical  forms,  from  which  they 
vary  only  according  to  geometrical  rclea.  Chemistry 
knows  nothing  of  a  crystallization  proceeding  in  de- 
fiance of  these;  arranging  mixed,  not  compounded 
bodies,  and  disposing  of  strata,  supercompounded  in 
every  possible  manner,  over  miles  of  space,  in  every 
capricious  mode  of  disarrangement.  Philosophy  here 
recoils  to  destroy  the  ignorant  hand  that  attempts  to 
xue  it  It  may  perliaps  be  said  that  we  know  nothing 
of  crystallization  on  the  great  scale;  and  that,  in  phe- 
nomena of  this  extcusive  nature,  it  may  have  ojierated 
by  other  laws  than  it  does  in  a  rhomb  of  calcareous 
spar.  This  is  to  disclaim  philosophy  altogether,  to 
make  and  unmake  hiws  at  our  pleasure.  But,  for- 
tumitely,  it  may  Ih:  proved  that  this  assumption  is  io- 


cont^vFrn4»  of  koc&s. 


123 


consistent  with  fact;  and  that^  even  on  the  great  scale, 
the  lawB  of  crystallization  are  consistent.  In  the 
island  of  Coll,  there  is  a  vein  of  graphic  granite  of 
great  dimensions  ;  and,  throughout  the  whole  of  it, 
the  felspar,  however  interrupted  by  the  intermixture 
of  quartz,  preserves  a  common  polarity;  proviug  that 
the  entire  mass  has  been  subject  to  the  simple  geo- 
metric rule  which  determines  the  form  of  the  funda- 
mental rhomb  of  felspar.  But  enough  of  this  gra- 
tuitous hypothesis. 

In  exumiuing  the  prolmblc  cause  of  flexures,  there 
are  two  points  to  be  considered,  namely,  the  capacity 
of  the  rock  to  admit  of  landing,  aud  the  power  by 
which  this  effect  was  produced. 

The  present  rigidity  of  the  strata  obliges  us  to  seek 
for  facts  to  prove  that  they  have  not  always  been  in 
that  state,  and  1  shall  here  enumerate  those  which 
bear  on  that  question.  It  has  elsewhere  been  shown 
(Cbap.  xii.)  that  water  is  contaiued,  in  perhaps  all 
Tocks,  and,  in  many,  in  considerable  (jnimtity;  being 
so  loosely  united,  at  the  same  time,  as  to  be  readily 
dissipated  ou  exposure  to  the  air.     'llius  miuerals> 

I  rigid  and  hard  as  glass  in  our  cabinets,  arc  often 
flexible  and  soft  in  their  native  beds;  a  case  which, 
in  my  own  experience,  occurs  in  asbestos,  sahlite,  tre- 

f  Diotite,  and  chalcedony,  and  which  is  ^aid  also  to  happen 
in  the  beryl.  It  is  uot  unlikely  that  it  will  be  found 
far  more  common,  when  mineralogists  shall  themselves 
collect  their  specimens  from  nature,  and  not  fiom  the 
repositories  of  dealers.     It    is    not    unreasonable   to 

tconclude  that  a  state  which  belongs  to  the  simple 
minerals,  may  also  belong  to  tlicir  compounds.  It  is 
even  more  probable,  when  we  consider  that  the  union 
of  heterogeneous  parts  would  more  readily  adxnit  of 
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the  water  necessary  to  their  flexibility.  I  f  it  has  not  been 
oftener  observed  in  rocks,  it  is  because  we  have  rarely 
any  access  to  thcni  except  near  the  surface  where 
tliey  have  already  lost  their  water,  or  because  we  can 
not  procure  and  examine  them  within  the  time  ne- 
cessary to  prevent  that  change  from  taking  place. 
But  it  is,  in  fact,  known  that  many  are  not  only  soft, 
Init  partially  flexible,  when  wet  or  first  procured  from 
the  quarry.  This  softness  indeed  occurs  in  so  many 
rocks,  that  it  is  almost  unnecessary  to  poiat  out  ex- 
amples of  it.  The  deep-seated  granite  veins  in  the 
quarries  of  Rubishiw  near  Aberdeen,  are  not  only 
flexible,  but  so  soft  as  to  receive  an  impression, 
becoming  hard  after  exposure  to  air.  The  well- 
kuown  limestone  of  Sunderland  is  flexible.  In  Sky,  f 
have  seen  a  sandstone  which  could  be  moulded  like 
dough  when  6rst  found:  aud  there  is  a  sandstone 
from  China,  known  to  mineralogists,  which  may  he 
cotnpressed  by  the  hand  when  immersed  in  water. 
There  is  no  difficulty  in  understanding  how  beds  of 
clay  may  have  been  bent  without  losing  their  laminar 
form;  and  if  shales  are  the  produee  of  these,  as 
omnot  be  doubted,  they  may  have  been  indurated  as 
well  after  curvature  as  before  it.  The  extent  and 
value  of  this  argimient  needs  not  be  pursued;  nor 
needs  it  be  inquired  how  far  the  addition  of  heat,  if 
heat  has  iu  these  cases  been  present,  might  facilitate 
the  flexion  of  strata  not  yet  indurated. 

Thus  it  is  probable  that  strata  formed  under  water 

■may  have  once  been  flexible:  it  is  probable  that  many 
of  those  which  arc  out  of  our  reach  arc  still  capable  of 

['admitting  curvatures:  aud  tt  is  probable  that  the  pre- 
mce  of  water  aloue  is  suflicient  to  fulfil  the  requisite 
conditions. 
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Vrhat  Btrata  may  be  bent  by  fire,  wc  have  hourly 
[.evidence  in  the  pfaciionicna  that  take  place  in  furnaces 
Land  limekilns,  where  schistose  rock$  have  Ijeeii  ex- 
'. posed  to  heat.     In  the  vitrified  forts  of  Scotland,  the 
uiicnceons  schists  which   have  been  subjected,  appn- 
,  jrently,  to  the  long>conttnncd  action  of  a  moderate  heatt 
and  to  the  various  pressure   of  the  surrounding  ina- 
)lcriuls,  arc  often  bent,  with  little  loss  of  their  natural 
I  •characters,  so  as  sciu-ccly  to  be  distinguished  from 
specimens  naturally  curved.    Let  the  access  of  oxygen 
be  denied,  that  the  iron   may  not  be  oxydatcd,  let 
soflicient  pressure  be  applied  to  prevent  the  disen- 
gagement of  tlie  gaseous  matters  which  sometimes 
inflate  the  stone,  and  it  is  probable  that  no  difference 
would   be  found   between  the  natural  and    artificial 
specimens,     'ilms  then  wc  have  a  practical  proof  that 
fire  is  udefjuate  to  the  production  of  flexibility  in  rocks, 
-and  are  supplied  with  two  distinct  agents  capable  of 
answering  the  desired  conditions. 

It  is  next  necessary  to  inc^uire  what  facts  can  be 
produced  to  prove  that  the  strata,  the  flexibility  of 
which  has  thus  been  shown  to  exist,  or  to  have  exis- 
ted, have  been  bent  l)y  force. 

It  was  shown  that  where  quartz  rock  and  at^lla- 
ceous  schist  alternated,  the  former  was  broken  at  the 
points  w^bere  the  latter  was  only  bent.  'ITie  fracture 
here  proves  the  application  of  force,  of  that  power 
which  l)cnt  the  flexible  stratum.  In  innumerciblc 
cases,  the  same  ^rata,  flexible  enough  to  yield  in  a 
limited  degree,  hut  rigid  beyond  a  certain  point,  have 
submitted  to  the  moderate  etirvatiire,  but  have  bro- 
ken where  they  could  bend  no  longer.  Facts  like 
these  can  leave  no  doubt  respecting  the  exertion  of  a 
force  prodncing  both  these  effects. 
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Wheu  strata  are  disturbed  by  the  intrnsion  of  trap 
or  gfranite,  or  by  the  passage  of  veins  of  those  rocks, 
they  sometimes  presrnt  traces  of  fracture,  at  others 
of  flexure,  and,  not  unfrcqucntly,  of  both  united. 
Here,  the  operation  of  force  is  ec|nally  cvideut  as  in 
the  preceding  cases,  while  the  very  nature  of  that 
force  is  also  apparent.  The  cause  of  the  softening  of 
the  strata  is  here  also  probably  to  be  sought  in  that 
heat  to  which  t!ie  very  origin  of  these  intruding 
rocks  must  be  attributed,  and  of  \vhich  the  effects  are 
also  the  moving  powers  iu  question.  The  case  from 
Lungn,  already  quoted,  is  of  this  nature.  The  north- 
east coast  of  Sky  presents  also  examples  of  the  same 
kind,  u'hich  are  particularly  explicit  and  interesting; 
as  well  from  their  number  as  from  their  variety  and 
distinctness.  In  the  clear  and  extensive  natural  sec- 
tions produced  by  these  lofty  cliffs,    the  original   and 

■  undisturbed  condition  of  the  level  strata,  consisting 
of  limestone,  shale,  and  sandstone,  is  in  many  places 
traced  with  the  same  ease  as  if  tfapy  were  exhibited 
in  A  model.  The  intrusion  of  the  trap  is  equally 
visible  iu   others;    presenting  every  modification  of 

■the- joint  disposition  of  these  different  classes  of  rock, 
that  has  yet  been  recorded  wherever  these  phenomena 
have  been  obser\'ed.  Here,  the  marks  of  force  ex- 
erted are  seen  under  numerous  shapes ;  and,  among 
others,  huge  fragments  and  portions  of  strata  are 
found,  not  merely  broken,  but  far  removed  from 
their  original  cunucxions,  and,  in  many  places,  in- 
curvated  to  a  considerable  degree.  'I'hese  occur- 
rences, not  only  therefore  prove  the  actual  existence 
of  moving  forces,  and  show   the  extent  and  nature  of 

their  power,  but,  at  the  same  tiuie,  demonstrate  (hat 
the  heal  which  accom|)anied  the  intrusion  of  the  trap. 
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rendered  th**  strata  flexible  enough  to  yield  to  the 
power  which  it  exerted. 

That  force  has  been  exerted  in  the  flexore  of  stratu, 
19  further  rendered  probable  by  the  circnm stance,  al- 
ready mentioned,  respecting;  the  greater  frequency 
and  more  violent  nature  of  the  curvatures  that  occur 
in  the  more  antient  strata,  which,  from  canses  suffi- 
ciently apparent,  liavc  uudei^oue  those  jn-eater 
changes  of  position  that  mark  the  extent  and  inagni- 
tttde  of  the  motions  which  have  been  impressed  on 
them.  Facts,  elscwliere  noticed,  respecting  the  com- 
position, nature,  and  origin  of  these  ro<'ks,  seem  also 
to  justify  tlie  notion,  that  iu  these  cases  also,  the 
flexil>ility  and  the  curvature  have  been,  both,  equally 
the  consequences  of  the  action  of  heat.  The  argu^ 
mcnt,  in  this  case,  rests  precisely  on  the  same  basis 
fts  it  does  in  those  where  curvatm-es  of  the  adjoining 
['Strata  attend  the  intrusion  of  masses  or  veins  of  imp; 
and,  in  both  cases,  the  force  exerted,  and  the  capacity 
to  suffer  from  it,  arc  equally  the  effects  of  a  common 
cause.  It  is  here  of  course  concluded,  as  is  fully 
argued  and,  I  trnst,  proved  elsewhere,  that  whatever 
is  received  respecting  the  nature  and  origin  of  the  trap 
rocks,  cannot  be  denied  to  those  of  granite. 

Tlie  gneiss  which  forms  Cape  Rath,  elsewhere 
noticcdj  is  traversed  by  innumerable  granite  veins; 
by  the  interference  of  which  the  beds  of  that  rock 
and  of  the  accompanying  hornblende  schist,  are  bro- 
ken into  fragments  and  entangled  among  a  mass  of 
veins  of  different  dates,  so  considerable  as  far  to  ex- 
ceed in  quantity  the  rocks  which  these  have  invaded. 
In  many  parts  of  this  compound  mass,  the  detached 
portions  of  the  hornblende  schist,  rendered  peculiarly 
visible  by  their  colour,  arc  bent  in  various  ways  j  pre- 
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seuting  striking  exnmples  of  their  capacity  to  nduiit 
flexure,  aitd  indicating  in  a  way  that  cannot  be  di 
puted,  any  more  than  in  tlie  analogous  cases  of  trap, 
the  nature  of  the  cause  which  effected,  both  the  cur- 
vature and  the  displacement. 

The  last  argument  which  I  need  offer  to  prove  tb 
the  flexion  of  strata  has  been  the  result  of  force  im- 
pressed on  a  flexible  body,  and  not  a  con8ef|Uence  of 
any  original  disposition  or  concretionary  structure,  i 
found   in  those  rocks  which,  like  micaceous  schist, 
present  a  certain  parallelism  lu  the  position  of  one  o\ 
more  of  their  Integrant  minerals. 

When  mica  occurs  in  flat  beds  of  gneiss  and  mica< 
ceoDs  schist,  it  is  found  invariably  to  be  more  or  le 
accunitely  parallel  to  the  planes  of  the  strata,  and, 
consequently,  to  itself.  There  are  two  ways  in  which 
this  appearance  may  be  explained ;  both  of  which 
form  objects  of  inquiry  in  another  part  of  this  work. 
The  mica  may  have  either  assumed  this  disposition 
from  mechanical  caases,  as  happens  in  the  later  sand- 
stones, and  even  in  the  loose  sand  of  sea  shores,  or 
that  poiiition  may  he  the  result  of  a  coumion  polarity, 
as  is  evinced  in  the  parallelism  of  the  b}'pcrsthene  in 
some  varieties  of  hypersthene  rock,  or  in  that  of  tl 
mica  in  certain  trap  veins  of  rare  occurrence.  Under 
either  supposition,  the  present  argnmenC  is  equally 
valid,  so  tliat  its  consequences  cannot  be  evaded. 
Now  when  gneiss  or  micaceous  schist  is  contorted,  it 
is  observed  that  the  mica  is  no  longer  parallel  to 
itself  or  to  any  level  plane  that  may  be  assumed  in 
the  rock,  although  it  still  continues  to  be  parallel  to 
the  cunatures  of  the  beds.  Under  the  theory  of  d 
position,  it  could  not  have  assumed  the  various  and 
extraordinary  sitaations  it   often  presents;    it  could 
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Dot,  for  example,  be  found  in  a  vertical  position.  If 
a^ain  the  contorted  forms  of  these  rocks  are  con- 
ceived tu  have  ansen,  as  well  as  the  straight,  from 
crystal hzatioii,  it  is  plain  that  the  law  of  polarity, 
which  is  in  one  caiic  preserved,  ia  iu  the  other  vio- 
lated. In  either  case,  the  cnrvaturc  of  the  strata 
from  actions  posterior  to  tlie  disposition  of  their  con- 
stituent minerals,  is  proved  by  evidence  that  admits 
Bcithcr  of  evasion  nor  dispute. 

It  now  remains  only  to  inquire  respecting  the 
nature  and  actions  of  the  forces  which  have  prodaced 
these  effects. 

The  evidences  of  change  of  place  in  the  strata  after 
deposition,  have  already  been  stated  ;  and  it  has  been 
shown  from  the  phenomena  of  trap  rocks,  and  from 
other  appearances,  that  we  can  even  form  probable 
conjectures  respecting  the  nature  and  cause  of  some 
of  these  moving  powers.  On  these  subjects  there  is 
nothing  further  to  be  added  in  this  place. 

It  is  not  easy,  however,  always  to  specify  the 
manner  in  which  these  forces  have  acted  in  producing 
the  curvatures  of  strata.  In  some  cases,  it  may  be 
imagined  that  the  mere  force  of  gravity,  acting  on  a 
flexible  mass  unequally  supported,  may  have  been  a 
sufficient  cause ;  or,  tliat  under  the  same  circum- 
stances, strata  may  have  been  bent  by  the  action  of 
those  subterrene  expansive  forces  which  have  elevated 
the  coral  rocks  of  the  Paci6c  high  above  the  level  of 
that  sea  in  which  they  were  produced.  But  the  cases 
of  highly  undulated  strata  with  alternate  points  of 
contrary  flexure,  appear  to  require  a  lateral  pressiu-e 

■  exerted  on   highly  flexible  strata,    in  a  manner    of 
I      which  wc  can  form  no  distinct  conceptiou.     Still  less 

■  can  we  assign  the  precise  action  of  forces  capable  of 
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producmg  complicated  contortions,  and  more  e^e- 
ciaUj  in  those  eases  wh^e  they  are  limited  to  one 
stratum  ont  of  many,  or  to  one  part  of  a  mass  while 
die  other  appears  nndistorbed^  Yet  amidst  the  innu- 
merable marks  of  discordant  and  repeated  changes 
exhibited  on  the  snrface  of  th&  earth,  all  be^eaking 
the  ireqnent  renewals  of  disturbances,  acting  also 
perhaps  through  periods  of  time  of  wbicb  we  can 
form  no  notion,  it  is  not  ea&y  to  iniagine  any-  ohaajgfr 
in  the  forma  of  flexible  strata  which  these -may  not 
have  produced.  This  is  not  the  only  case  itt  geology 
in  which  we  mast  be  content  to  admit  of  varying 
efiects  Irom  a  varying  cause ;  without  thinking  it 
necessary  to  reject  the  general  principle,  mei^l^ 
because  we  cannot  apply  it  to  every  i&idtite  pdrtionlar 
which  is  included  in  them.  ■■:    > 


On  the   Characters  and  DitpositioH  of   unstratijied 
RfKkx  and  I'eim: 

Th£  unstratifieU  rocks  are  fur  less  uumcrous  thau 
the  stnitificd,  uud  they  have  all  been  comprised,  ia 
the  present  arrangement,  under  two  general  headtj^ 
Granite  forms  one  of  these;  and,  to  the  other,  the 
term  Trap  has  been  appUcd;  vvith  some  latitude]  it 
must  he  owned,  but  to  avoid  the  necessity  of  inreut- 
iug  a  new  one.  Under  these  two  heads,  in  the  twenty- 
fourth  and  thirty-ninth  chapters,  and  in  the  CJasiiiuca'- 
tion  of  Rocks,  will  be  found  all  the  minuter  particulars 
which  it  was  not  necessary  to  introduce  into  this  very 
general  view. 


Of  the  Extent  and  Places  of  the  unstratlfied  Rocks. 

'Xlioogh  tbo  unstratlfied  rocks  form  but  a  small 
part  of  those  which  arc  visible  to  us,  there  is  reason  to 
imagine,  that  at  depths  to  which  we  have  not  pene- 
trated, they  occnpy  a  much  greater  extent  tban  would 
be  suspected  on  a  superficial  view.  Conjectures  have 
been  offered  respecting  the  proportion  of  space  which 
grauitc  fills  at  the  surface ;  but  no  meiisurenicnt  has 
been  given  j  nor  bas  any  thing  been  done  towards 
answering  this  question  as  it  relates  to  the  later  uustra- 
tified  substances,  lu  fact,  these  yiuy  so  much  ia 
diflerenl  countries,  that  if  any  worthy  object  were  to 
Ik  gained  by  that  knowledge,  it  could  btiU  only  be 
doite  after  the  whole  surface  of  tlte  globe  should  have 
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been  surveyed  and  reduced  to  a  geological  map.  It 
would  be  now  easy  to  solve  tbis  problem  as  fax  as 
relates  to  Britain,  as  well  as  to  some  other  European 
districts ;  but  a  general  expression  of  the  extreme 
disproportion  between  the  stratified  and  nnstratificd 
rocks,  is  all  that  can  here  be  necessary.  In  Britain  it 
may  be  staled  that  the  whole  of  the  latter,  comprisinj; 
alike  trap  and  granite,  do  not  cover  a  thousandth  part 
of  the  superficies  of  the  island.  If  wc  examine  the 
flat  tracts  of  Russia  and  Poland,  and  of  other  similar 
conntries,  thousands  of  square  miles  will  l>e  found  not 
containing  the  least  vestige  of  these  rocks. 

Although  the  unstmtified  rocks  do  not  necessarily 
occupy  the  summits  of  a  country,  they  are  found  prin- 
cipally in  mountainous,  or  at  least  in  hilly  regions. 
In  the  tracts  of  an  unifonu  low  level,  to  which  I  have 
just  alluded,  they  very  rarely  exist  at  all.  Thus  a 
connexion  is  traced  between  the  existence  of  these 
rocks  and  the  disposition  of  the  smface  ;  a  connexion, 
it  is  true,  not  very  rigid,  but  sufTieicnt,  when  com- 
bined with  many  other  circnmstances  relating  to  thein^ 
to  be  of  some  value  in  our  reasonings  respecting  their 
origin  and  consequences. 

It  is  a  familiar  observation,  that  granite  forms  the 
highest  peaks  and  ridges  of  the  most  elevated  moun- 
tains of  the  globe.  The  remark  is  however  more 
cdmraon  than  true :  it  is  certain  that  it  constitutes 
many  of  these,  but  there  are  numerons  mountains  in 
the  first  class  of  elevations,  that  ai-e  formed  of  strati, 
ficd  rocks  to  the  summits.  Even  where  granite  exists, 
it  often  forms  only  a  portion  of  the  highest  points; 
the  sides,  even  at  very  great  elevations,  and  many  of 
the  ridges  and  peaks,  being  still  constructed  out  of  the 
superincumbent  strata.  In  a  certain  limited  sense,  it 
may  also  be  said,  that  Trap  forms  the  higher  summits 
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ID  inouatuiiiouft  and  hilly  regions ;  a  remark  very 
conspicuously  true  in  sontc  parts  of  the  enormous 
ridgca  of  South  America,  But  granite  is  also  found, 
even  on  the  level  of  the  sea,  in  the  same  districts,  us 
are  the  different  nienihi*rs  of  the  trap  family.  'ITic 
tlieory  wliieh  will  hereafter  he  given  respecting  the 
origin  of  these  rocks,  will  be  found  to  agree  with  tliis 
mode  of  disposition. 

When  the  snptrfirial  HiRposition  of  the  strata  shall 
hereafter  l»e  examined,  it  will  be  seen,  tliat  not  only  » 
series  of  them,  but  a  single  bed,  often  occnpies  a  very 
considerable  and  continuous  extent  of  surface;  and 
when,  from  the  occasional  superposition  of  other  l)eds, 
or  the  absence  of  portions  from  the  effects  of  waste, 
they  cannot  be  absolutely  traced,  still,  their  former 
extent,  or  even  their  present,  is  easily  inferred  by  the 
well-known  rules  of  geology,  namely,  the  comparison 
of  characters,  relative  position,  and  angles  of  incUna- 
tion.  But  the  unstrali6cd  rocks  are  rarely  found 
occupying  extensive  continuous  spaces  on  the  surface; 
being,  on  the  contrary,  interrupted  hy  the  interven- 
tion of  portions  of  strata,  or  else  appearing  in  distinct, 
and  often  in  small  eminences  scattered  through  a 
district,  of  which  the  fundamental  part  is  stratified. 
The  minuteness  of  these  is  often  indeed  ^-cry  remark- 
able ;  since,  in  Scotland,  where  both  these  classes  of 
rocks  abound,  it  is  not  mmsual  to  find  a  portion  of 
granite,  of  a  very  few  yards  in  diameter,  separated  by 
many  miles  from  any  other  of  the  same  rock;  while 
the  same  is  lrc<|nently  observed  with  respect  to 
trap. 

Vhe  cause,  in  these  two  cases,  is,  however,  dif- 
ferent in  its  nature.  By  examining  sections  and 
tracing  the  condition  of  the  insulated  masses  of  granite 
and  of  the  contcrmiuous  strata,  it  i»  discovered  that  this 
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that^ 


rock  exists  in  a  contimious  state  beneath,  and  that  il 
apparent  insulation  is  the  result  of  the  absence  of  the 
superincumbent  strata  at  those  particular  points.  In^ 
the  case  of  trap,  on  the  contrary,  where  there  are  not^ 
reasons  for  supposing  that  the  deposits  have  been^ 
partial,  it  is  often  easy  to  discover  that  their  insuiatioi 
arises  from  their  own  waste ;  the  thinner  or  fcebli 
connecting  portions  having  lieen  destroyed  while  tl 
others  have  remainetl. 

It  is  easily  inferred  from  the  above  remarks,  that, 
of  the  unstratiiied  rocks,  one  set  is  inferior  to  all  the 
strata,  and  another  superior  to  them.  But  with  re- 
spect to  trap,  at  least,  this  is  not  exclusively  true: 
whether  it  be  the  case  with  granite,  is  a  c{uestion  that_ 
will  be  better  discussed  in  another  place.  The  rt 
of  that  division  arc  found  beneath  the  strata,  as 
as  above  them,  in  masses  so  large  and  so  irregular 
that  they  cannot  be  ranked  among  veins,  otherwise 
than  us  every  finite  mass  included  among  stratified 
rocks  may  claim  to  be  considered  as  such.  If  a  mass 
of  trap,  indefinite  downwards,  should  be  found  h&^H 
neath  the  strata,  then,  by  the  postulate  on  which  thi^^ 
distinction  adopted  in  this  work  is  founded,  it  becomes 
granite.  That  question  being  connected  with  tl 
one  which  relates  to  the  possible  su|>erincumbent  p< 
sition  of  granite,  will  be  considered  in  a  more  prop* 
place.  (Chap,  xxiv.) 

The  forms  of  all  the  unstratified  rocks  are  irrcgukir, 
and,  in  the  majority  of  instances,  totally  dissimilar 
from  those  of  strata.  It  is  owing  to  this  absence  of 
the  stratified  form  and  disposition,  that  we  are  unabl^f 
to  infer  the  continuity  of  the  rocks  under  reviev^H 
when  that  is  not  actually  visible.  It  maybe  supposed, 
it  is  true,  that  if  granite  exists  beneath  all  the  strata, 
so  as  to  form  their  iumiediatu  foundation,  every  mat 
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^s  reaJly  continuous ;  however  deep  that  connexioD 
Lsaay  be  situated.     But,  vrith  respect  to  trap,  no  such 
inference  can  l>e  made.     Separate  portions  may  ori- 
ginally have  been  separate  deposits;    as  similarity  of 
character   is  insufficient   to   establish   their   origioal 
adeutity,  and  as  tbey  do  not  admit  of  being  compared 
)y  positions  or  inclinations;  tests  wbicb,  from  their 
irigin  and  forms,  are  inapplicable  to  them.  •* 


I 


Of  the  AntUpiity  of  the  unstratified  Rocks,      « 

Tbe  relative  autiquity  of  the  members  in  Jiny  con- 
tinuous series  of  strata,  is  readily  known  from  their 
irder  of  succession.     In  these,  geology  even  teaches 
IS  to  distinguish  certain  revolutions,  marking  very 
lifferent   and    distinct   periods   or   portions   of  time 
luring  which  they  were  formed.     But  we    have    no 
similar  criterion  by  which  to  judge  of  the  relative  an- 
tiquity  of    unstratilied   rocks    that   occur   together; 
tough  possessing  one,  sometimes,  when  a  vein  from 
Eonc    traverses  tlic  mass  of  another ;    while,  in  our 
judgments  respecting  the  relative  antiquity  of  any  of 
them  to  tbe  stratified,  we  must  be  guided  by  rules 
rhich  can  only  determine  that  question  within  certain 
nits. 

With  regard  to  granite,  it  would  be  imagiued,  on  a 
superficial  view,  as  it  actually  has  been  maintained,  that 
because  it  is  the  lowest  it  is  therefore  the  most  autieut 
rock.  This  is  an  error  arising,  partly  from  unduly 
extending  tlic  law  of  succession  as  it  relates  to  the 
stratified  rocks,  and  partly  from  overlooking  the  ob- 
vious phenomena  which  attend  that  substance.  It  is 
unnecessary  to  add  the  moral  reasons,  arising  from 
habit,  authority,  hypothesis,  or  unwillingness  to  ac- 
knowledge eiTor.    Tlic  detailed   arguments   ou  this 
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subject  will  be  found  in  the  history  of  that  rock;  but 
I  may  here  remark,  that  it  Is  chiefly  by  the  passaj^e 
of  veins  from  a  mass  of  ^anite  through  the  incumbent 
strata,  that  its  relative  posteriority  to  these  is  indicated. 
It  would  be  attempting  to  demonstrate  a  self-evident 
proposition,  to  say,  that  of  two  coexisting  rocks,  of 
which  the  one  traverses  the  other,  the  traversing  body 
is  the  latest  in  origin.  That  such  a  vein  is  a  prolon- 
gation from  a  mass  of  granite,  renders  the  posteriority 
of  the  latter  equally  au  axiom. 

Judging  by  this  criterion,  a  given  mass  of  granite 
is  posterior  in  origin  to  every  stratum  in  a  series 
^  which  is  traversed  by  its  veins,  or,  what  is  equivalent, 
is  disturbed  by  its  contiguity.  Mere  contiguity  with- 
out disturbance  will  not  prove  it;  as  strata  might  be 
deposited  on  granite,  and  as  it  is  elsewhere  shown 
that  they  have  actually  been  so  deposited.  But  al- 
though this  defines  the  highest  limit  of  relative  an- 
tiquity, it  leaves  the  lowest  indefinite  j  since,  in  a  deep 
series  of  strata,  the  superior,  or  distant,  portions  may 
have  been  but  slightly  disturbed,  or  have  entirely 
escaped  disturbance  by  a  grunite  which  has  not  emitted 
its  veins  far  Iwyond  its  immediate  boundary.  How- 
ever certain  therefore  it  may  be,  that  any  mass  of 
granite  is  posterior  to  the  gneiss,  the  micaceous  schist, 
or  the  argillaceous  schists  which  it  traverses,  or  into 
which  it  intrudes,  we  are  unable  to  prove  that  it  is 
not  also  posterior  even  to  the  secondary  strata  that 
lie  above  them,  except  in  those  cases  already  men- 
tioned where  the  actual  contact  is  visible.  If  there- 
fore the  elevation  of  the  primary  strata  from  the  hori- 
zontal to  the  inclined  position  is  to  he  attributed  to 
the  formation  of  granite,  there  is  no  absolute  proof 
lo  be  drawn,  from  the  nonexistence  of  that  rock 
among  the  secondary  strata,  that  these  also  have  nol 
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been  elevated  by  tlie  saine  caose.     If,  in  any  case  of 
this    nature,    wc   cannot    prove    that   a   given    eftect 

loriginates  in  a  proposed  cause,  it  is  still  important  to 
show  that  such  a  connexion  is  not  inipossihic. 

It  is  evident  now,  that  the  relative  position  of  any 
two  masses  of  granite  to  particular  strata  in  the  ge- 
neral series,  can  afford  no  proofs  respecting  the  relative 

[tintiqnity  of  these  masses  to  each  other.     The  veins 

"of  the  most  recent  may  have  been  limited,  like  thow^ 
of  the  most  antient,  to  the  lowest  stratara  in  the 
series.  That  criterion  must  be  sought,  as  1  have 
just  said,  by  inquiring  whether  the  veins  of  one  mass 
of  granite  penetrate  another.  And  as  this  will  here- 
after he  shown  to  be  the  case,  it  becomes  proved  that 
granite  has  been  produced  at  distinct  sncccssive  pe- 
riods. It  appears  that  even  three  periods  can  bo 
proved;  but  it  must  be  evident,  that,  from  numberless 
tiiscs  which  cannot  here  be  considered,  the  dilliculty 
of  proving  successive  productions  of  it  must  increase 
at  each  stnge. 

The  fact  of  even  two  generations  of  granite,  is  how- 
ever important  in  that  \'icw  which  considers  it  as 
having  been  the  immediate  canse  or  concomitant  of 
the  elevation  of  the  strata.  It  is  shown  in  its  proper 
place,  (chapters  viii.  and  xxi.)  that  the  strata  have 
actually  Ix«n  elevated  at  successive  periods,  in  such  a 
manner  as  to  prove  that  the  inferior  series  ^vas  at  least 
twice  moved;  and  the  theory  of  granite  provides  the 
means  of  producing  both  the  effects  as  easily  as  the 
one. 

The  question  of  the  relative  antiquity  of  Trap  rests 
on  somewhat  different  grounds,  and  requires  a  separate 

^explanation.     In  some  place  or  other,   the  veins  of 
this    substance    have    been    fomul    penetrating  every 

'rock  from   granite  upwards;    as   far  at   Ie;tst  as   (he 
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bouiidnries  of  those  titrata  which  have  certaialy  hccn 
deposited  uniler  the  ocean,     ilitherto,  they  termiuate 
with    the   chalk   stratum.      At   tlic    same   time,    the 
masHCs  of  that  rock  lie  above  this  dubijtaacc,  and  thus 
its  posteriority  to  all  the  strata  beneath  the  tertiary 
deposits,  taking  chalk  as  the  uppermost  of  these,  is 
established.     But  as  trap  occupies  the  surface,  imdua 
the  upper  strata  in  the  general  series  are  not  found  at 
every  point  there,  it  may  of  course  happen,  that  instead 
of  chalk,  this  rock  may  repose  on  any  other  member 
of  the  scries,  as  it  may  even  on  g-i-anite.     It  must 
already  be  apparent,  that  the  mere  existence  of  trap 
veins  in  grauitc  or  gneiss,  cannot  prove  their  anti- 
fjuityj  unless  it  can  be  shown  at  the  same  time,  that 
they  stop  auddeuly  at  the  point  of  superposition  of 
some  other  rock.     Neither  can  the  separate  super- 
position of  a  mass  of  the  same  subbtauce  on  those,  or 
on  any  other  rocks,  prove  their  aOinity  to  titcsc  io 
point  of  age.     That  can  be  inferred  only  in   cases  of 
continuous    stratification    among   the    stratified    suh- 
staocca;  and,  if  the  contrary  opinion  has  been  held, 
it  has  arisen  from  a  false  view  of  the  nature  of  the 
trap  rocks.     Were  a  continuous  mass  of  trap  to  be 
deposited  now  over  the  whole  of  Britain,  it  would  be 
in  contact  with  every  rock  in  t!»e  system.     Sbould 
certain  portions  of  it  disappear  tlirough   the  lapse  of 
ages,  there   would  remain  others,  iudepcudeut,  and, 
under  occasional  circumstances,  in  contact  witb  granite^ 
with  argillaceous  schist,  or  with   chalk,  Hi  it  might 
liappen.     Posterity  would  judge  falsely  in  considering 
these  as  distinct  deposits,  connected,  in  point  of  age, 
with   tbe  several  rocks  on  which  they    immediately 
repose,  and  through  which  each  of  tbem  would  also 
exclusively  send  its  veins,     lint  this  is  a  picture  of 
lliti  {>ast,  us  all  geology  proves;  and  we  arc  therefore 
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[left  without  R  criterion  to  determine  the  relative  age 
I  of  any  independent  mass  of  trap  to  the  struta,  aa  far 
^MH  atiy  evidence  can  I)e  deduced  from  mere  contact. 
It  is  important  to  rectify  an  error  which  has  led  to 
the  estaljlishnieiit  of  numerical  and  succcsaive  fioeiz 
^irap  fonnaiiotts. 

The  circumstances,  however,  nndct*  which  tlie  trap 
'rocks  have  actuully  originated  and  under  whicli  they 
arc  displayed,  render  it  certain  tliat  there  have  heeii 
distinct  deposits  at  didcrcnt  periods;  hut  it  is  not  less 
essential,  in  establishing  a  fact,  to  mid^e  use  of  tlic 
true  evideaccj  as  the  false  is  always  in  danger  of  mis- 
leading or  of  proving  too  much.  From  the  eou- 
stitntion  of  the  porphyries  that  accompany  the  older 
rocks,  it  is  prohable  that  they  are  of  a  higher  antiquity 
than  tlie  traps  found  above  the  secondary  strata;  but  the 
certainty  of  two,  if  not  of  more  succcsaive  productiouci 
of  these  rocks,  is  established  by  the  same  fact  as  it  ia 
in  granite,  namely,  by  finding  veins  passing  from  one 
mass  so  as  to  intersect  another.  The  same  is  proved 
by  finding  masses  of  trap  constituting  portions  of  the 
conglomerate  strata;  but  all  the  minute  particulars 
which  relate  to  these  appearances  belong  properly  to 
the  history  of  Trap,  where  they  will  be  fouud. 
(Chap,  xxxix.) 


I 


On  the  y^ms  behmging  to  the  unslratified  Rocks. 


I  As  the  veins  of  granite  and  Trap  are  of  a  distinct 
erigiu  from  the  other  rock  veins,  it  will  be  In-'ttcr  to 
coiU}ider  them  in  this  place;  as  fur  at  least  as  it  is 
necessary  for  the  purposes  of  this  general  view  of  the 
uostratitied  rocks. 

If  veins  consisting  of  granite  or  trap,  have  not  al- 
ways been  traix'd  to  masses  of  these  rocksj  that  has 
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been  done  m  at  least  the  far  greater  number  of  ii 
stancosj  where  the  attempts  have  been  properly  made 
That  this  may  not  always  be  possible,  is  easily  con 
ceived :  the  granite  mass  may  be  covered  by  the  strat*^' 
and  the  mass  of  trap  may  have  disappeared.  As  trap 
IB  also,  like  gruuitc,  a  subterranean  production,  it  i 
easy  to  suppose  that  veins  of  it  may,  like  those  o 
granite,  be  connected  with  invisible  deep-seated 
masses.  This  very  fact  is  proved  by  pheuomcna  oc-  i 
cnrrin|!;  in  Sky,  which  will  be  more  amply  describc4^| 
hereafter.  It  is  further  necessary  to  observe,  that^ 
this  apparent  independence  of  these  veins  has  oc- 
cum-d  only  where  they  were  of  great  size;  that  being^j 
the  sole  condition  under  which  they  could  exist  a^H 
great  distances  from  tlic  parent  mass.  I  ought  pw- 
haj>s  here  to  add,  that  I  Iiavc  traced  the  sources  of 
all  tliosc  veins  in  Scotland  which  were  formerly  sup- 
posed to  he  independent.  It  will  not  be  an  illegitimate 
conclnsion,  that  all  such  veins  are  processes  from 
nuisses  of  those  rocks  to  which  they  belong  in 
racter  and  constitution. 

The  sizes  of  these  veins  arc  inBnitcly  various,  whe- 
ther we  regard  their  breadth  or  longitudinal  extent; 
They  have  been  obser\Td  to  reach  to  many  yards,  and 
to  dcccnd  from  that  to  the  finest  filaments.  In  tlieir 
length  they  also  vary;  but  it  must  be  remarked  that 
the  courses  of  trap  veins  are  far  more  extensive  than 
those  of  granite.  The  larger  ones  of  this  nature  a 
known  sometimes  to  extend  tlirough  spaces  of  man 
miles.  It  has  sometimes  been  imagined  that  the^r 
were  unlimited  downwards;  in  which  case  every 
vein  must  be  a  lamina.  That  however  is  not  the  fact 
in  granite,  in  which  every  dimension,  even  of  the 
largest,  emi  sometimes  be  easily  traced.  It  is  equal- 
ly iinlrue  of  iiiip;  as  ihe   lateral  boundaries  of  their 
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plaiiea  raay  be  seen  and  examined  Uii-oug^liont,  in 
many  parts  of  the  Western  Islands  of  Scotland.  Nei- 
ther can  it  be  true  of  either,  if  we  consider  their 
connexions.  If  indeed  the  depth  of  vertical  trap 
veins  cannot  in  some  instances  be  traced,  it  only 
proves  that  the  masses  in  which  they  originate,  and 
which  form  iheir  limits,  are  Innai^ssihle  to  xis. 

'llic  raiiiificatioa  of  veins  is  a  circunistance  which 
re<{uirc3  notice  in  treating  of  their  dimensions.  It 
is  extremely  common  in  granite,  but  rare  in  trap;  from 
causes  that  will  be  so  ai>parent  in  the  progress  nf  this 
discQssion  as  to  require  no  specific  explanation. 

The  position  of  veins  with  respect  to  the  hurtzon 
U  infinitely  varied,  as  it  also  is  with  regard  to  the  in- 
tersected strata.  Those  of  granite  arc  generally  ex- 
ceedingly inconstantj  while  tbcy  also  pursue  tortuous 
and  intricate  directions  which  defy  all  attempts  to 
follow  them.  It  is  only  where  they  are  of  large  di- 
mensions, and  hold  long  courses,  that  they  appear 
Btriiight;  and,  in  these  cases,  they  seem  to  maintain 
high  angles  towards  the  horixon.  But  their  direction 
and  extent  are,  in  fact,  regulated  by  the  magnitude 
and  disposition  of  the  fissures  which  they  occupy,  and 
by  the  position  of  the  central  mass,  if,  in  Cornwall, 
the  prevailing  and  larger  granite  veins  hold  a  common 
coarse  approaching  to  the  parallel,  and  if  the  high 
angles  predominate,  it  only  shows  that  circumstances 
in  the  nature  and  position  of  the  invaded  strata,  and 
in  the  bulk  and  form  of  the  invading  mass  of  granite, 
determined  this  particular  disposition  in  that  place. 
No  general  rules  can  be  deduced  from  any  fact  of 
this  nature* 

With  respect  to  trap  veins,  it  is  a  remarkable  fact 
l-that  they  arc  rarely  congregated  into  one  spot,  in  mi- 
[autc  ruHiifications;  although  I  have  elsewhere  shown 
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that  this  is  the  case  in  Bairu.     On  the  contrary,  the 
pretlominant  veins  of  tliis  substance   arc  generally  of 
eoiisiderable,  and  sometimes  of  enormous  dimensions, 
while  they  coiitinne  to  hold  extensive  courses  without 
ramification;  a  fact  rarely  occurring  in  the  veins  of 
granitp.     This  circumstance  implies  one,  or  both)  of 
two  things  in  which  the  generation  of  granite  and 
trap  veins  have  diftered;  namely,  a  different  condition 
of  the  invaded  strata,  and  a  force  exerted  in  a  difterent 
manner.     Perhaps  both  of  these  are  correlative  pro- 
positions.    Numerous  circumstances,  elsewhere   d&- 
scril}ed,  prove  a  flexible  condition    once   existing  in 
many  strata;  and  most  conspicuous  in  the  older  ones. 
These  are  the  rocks  which  granite  has  especially  invad- 
ed; and  such  limited  and  tortuous  Bssures  are  precisely 
what  might  be  expected  from  an  imperfect  rigidity 
of  the  strata.     The  strata  invaded  by  trap,  on  the 
contrary,  rarely  contain  indications  of  flexibility;  and 
thus    arc    accounted   for   the   greater    decision    and 
straightncss  of  the  6ssurcs  into  which  the  liquid  rock 
has  flowed.     It  is  interesting  to  remark  how  well  the 
several  parts  of  a  system  hold  together :    and  how 
readily   a   true   theory  is  applicable  to    pbenninena 
which  had  not  entered  into  that  mass  of  facts  on  which 
it  was  founded. 

Most  apposite  confirmations  of  this  view  of  the  dif- 
ferent effect  of  fissnres  on  flexible  and  on  rigid  strata.aad 
on  those  which  yield  most  easily  compared  to  those  that 
oppose  the  greatest  resistance,  arc  contained  in  some 
of  the  veins  of  the  Western  Islands,  as  in  Luiiga  and 
elsewhere.  One  of  them  was  already  necessarily  no- 
ticed, in  the  remarks  on  the  contortions  of  rocks;  but 
while  they  show  the  difterent  effects  produced  on 
|diflerent  strata,  they  serve  to  illustrate  differences  in 
tlhe  forms  of  trap  and  of  granite  veins,  which  are  of  a 


very  important  nnture.  In  one  of  tliese,  already  mcn- 
tionedj  the  vein  has  intersected  an  alternating  nenes 
of  argillaceous  schist  and  quartz  rock  ;  breaking  the 
latter  in  a  decided  manner,  but  bending  the  former, 
which  consefjtiently,  bears  the  same  marks  of  flcxnrc 
that  arc  seen  where  granite  traverses  gneiss.  In  the 
others,  there  is  a  striking  difference  in  the  forms  of 
the  veins  where  the  fissure  has  been  transverse  to  the 
laminae  of  the  invaded  schist  and  where  it  has  con- 
fonned  to  these ;  the  vein  having  the  usual  parallel 
form  of  trap  in  the  former  case,  and  resembling  the 
irregular  veins  of  granite  in  the  latter. 

As  the  veins  of  trap  arc  most  frequently  of  large 
dimensions,  so  they  are,  generally,  either  vertical  or 
inclined  at  high  angles  to  the  horizon.  Thus  probably 
they  indicate,  by  both  circumstances,  the  great  depths 
at  which  the  parent  masses  lie,  and  the  nature  and 
place  of  the  force  which  produced  the  fissures.  But 
that  they  fi-W|ncntly  also  occupy  very  low  angles,  will 
immediately  be  shown,  when  the  positions  of  veins 
with  respect  to  tl»e  strata  are  considered. 

Although  the  term  fracture  implies  that  the  strata 
are  disunited  in  some  direction  aerosH  their  laminar 
arrangement,  it  does  not  follow  that  all  veins  hold 
courses  thus  intersecting  these.  While  they  may  be 
broken  at  any  degree  of  obliquity,  they  are  sometimes 
also  separated  according  to  the  planes  of  their  strati- 
fication, or  according  to  that  of  their  laminar  struc- 
ture. In  the  latter  case,  the  veins  are  rarely  large, 
and  are  more  or  less  parallel  to  the  lauiinee  of  the  in- 
vaded rock ;  in  the  former,  strata,  either  similar  or 
li^isimilar,  arc  sometimes  completely  separated,  even 
for  considerable  spaces,  so  as  to  permit  a  largo  and 
parallel  mass  of  the  intruding  rock  to  occupy  the 
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vacuity.     The  6rst  of  these  cases  is  inost  couiiuou 
witli  granite,  the  latter  with  trap ;  although,  even 
this  last  rock,    veins  are   sometimes   found  intrudii 
ifiio  the  schistose  structure,  or  parallel  to  the  stratil 
cation  of  the  coutermiiious  strata.     In  both  cases, 
incorrect  or  prejudiced  view  of  these  appearances  hj 
given  rise  to  the  notion   of  trap  aud  granite  being 
stratified ;     with    what  truth  will  easily  be  judged, 
when  the  following  obvious  marks  by  which  these 
are  to  he  distinguished  from  real  strata^  are  descrihcc 

Where  the  courses  of  granite  veins  are  parallel 
the  lamina:  of  the  including  rock,  their  true  nature 
easily  distinguished ;  as  they  rarely  |>crsist,  even  foi 
a  few  inches,  without  some  deviation  or  ramification.     , 
In  the  case  of  trap,  however,   as  they  are  often  0!^| 
considerable  extent,    it  recjuires  more  care  to  trace" 
them  to  their  irrcguLiritics  or  tenuiuutions.    But  they 
present  other  indications  of  their  real  nature,  by  occa- 
sionally sending  out  hranches,  or  by  the  effects  which 
they  have  produced  on   the  adjoimng  strata.      The 
nature  of  the  rock   indeed,    as  proved  from    other 
upi>earaDces,    ought  to  be   suHicicnt    to  satisfy  the 
spectator  that  they  arc  vcius,  and  not  beds :  but  as  it  is 
probable  that  real  strata  of  trap  do  actually  occur, 
must  reserve  the  minute  ])arts  of  this  discussion 
the  history  of  the  trap  rocks. 

Respecting  the  relation  in  point  of  time  between     i 
these  rock  veins  and  mineral,  or  metallic  veins,  it  i^| 
not  probalde  that  any  general  rules  can  be  laid  dowD.^ 
In  Cornwall,  granite  veins,  as  well  as  veJus  of  por- 
phyry traverse  tlic  mineral  veins ;     but  as  mineral 
veins  are  also  found  in  granite,  even  in  that  district, 
it  is  certain  that  they  arc  of  a  time  intermediate  he- 
tween  two  formations  of  that  rock.      That  ordinary      | 
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trap  veins  should  generally  be  posterior  to  all  mineral 
veins,  follows,  of  course,  from  the  period  at  which 
these  appeur,  relittively,  to  have  been  formed. 

Many  chemical  and  mechanical  changes  orcur  in 
the  including  strata  at  the  places  where  they  are 
traversed  by  veins,  whether  these  be  of  trap  or 
granite.  But  these  arc  namerous  and  minute,  and 
will  be  required  hereafter  for  the  purpose  of  esta- 
blishing the  igneous  origin  of  those  two  rocks.  But, 
in  this  place,  where  the  question  of  veins  has  been 
trcjitcd  generally,  as  far  as  that  was  possible,  it  is  im- 
portant to  observe  that  the  eftects  are,  in  both  iu- 
fitanccs,  not  only  similar,  but  as  exactly  identical  as 
could  be  expected  when  the  various  differing  circum- 
stances attending  them  are  considerc<1. 


On  the  Origin  of   the  umtratifiisd  Hocks, 
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TTie  reasons  for  believing  that  all  the  unstratified 
rocks  are  alike  of  igneous  origin,  or  that  tlicy  are 
substances  crystallized  from  a  6uid  of  fusion,  will  be 
given  in  a  more  proper  place  hereafter.  ITie  follow- 
ing remarks  on  the  mode  in  which  these  rocks  as- 
sumed their  prcscut  forms,  and  on  the  probable 
causes  and  effects  of  their  fluid  state,  proceed  on  this 
supposition-  In  a  science  in  which  there  is  so  uni- 
versal a  reaction  of  all  the  parts,  juid  where  every  set 
of  facts  is  necessary  to  illnstratc  every  other,  all  can- 
not have  tliat  first  place  iu  consideration  to  which  so 
nianY  have  a  claim. 

As  it  is  apparent  that  granite  has  been  in  a  state  of 
fluidity  beneath  the  strata,  and  that,  during  this 
state,  these  have  been  clbvated  in  an  irregular  miav- 
aer,  it  is  easy  to  account  for  the  irregularity  of  its 
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general  surfuce,  or  for  the  partial  way  in  whicli  it  ti 
found  distrihntcd  on  the  earth's  miperficies.  The 
consetjneiire  of  the  unequal  elevation  of  the  strata, 
was  to  prodtiec  tliuiie  intfriur  inetjualities  tliat  have 
been  filled  by  the  yiehliiig-  mass  which  was  tlie  iniinc- 
diatc  cause  of  that  fnicture,  and  the  concomitant  of 
the  force  exerted.  'I'lie  production  of  the  veins  is 
another  obvious  consetiuencc  of  the  fractnres  or  dis- 
continnities  formed  by  the  displac4>ments  of  the 
strata.  It  must  Iw  renieniberod  here,  however,  that 
the  actual  appearance  of  granite  ut  the  surf^c  of  the 
earth  is,  in  most  cases,  the  consequence  of  another 
train  of  effects,  consisting  in  the  waste  of  those  parts 
of  the  strata  liy  which  It  was  once  covered;  a  waste, 
of  which  the  whole  globe  ]}roduee8  the  most  unquea- 
tionablc  evidence.  From  the  progressive  state  of 
that  wanSte,  it  follows,  that  the  apparent  quantity  of 
granite  must  be  constantly  increasing,  although  itself 
is  subject  to  decay  ;  and  if  it  really  be  the  basis  of  all 
the  stratified  rocks,  it  is  possible  to  conceive  that  the 
earth  might,  at  some  future  day,  contiiin  granite,  only, 
in  its  more  elevated  portions;  while  this  could  not 
liappcn,  of  course,  at  low  elevations  or  near  the 
level  of  the  sea,  becfinse,  here,  tlie  ordinary  causes 
of  waste  cease  to  act. 

Since  now  the  other  division  of  the  unstratified 
rocks  is  found  above  the  strata  rather  than  below,  it 
is  necessary  to  inquire  respecting  its  source  or  origin. 
That  itwaspro<luccd  in  a  fluid  slate,  and  consolidated 
from  that  condition,  rests  on  precisely  the  same  ground 
as  the  case  of  gruuitc.  Tbe  nature  of  the  diftereni 
substances  is  similar,  often  identical,  the  eflects  are 
the  same  on  the  iuchuling  strata,  and  the  disposition 
of  the  vcint  is  strictly  utudbgous,  var\ing  only  ac- 
cording to    circiun stances  which  have   already   been 


stated.  Nor  is  trap  cxcliuively  siipcrBcial  i  since  it 
is  actually  found  beneath  the  strata  in  coiuiderahle 
masses,  or  else  in  sacli  a  relative  position  to  tliem 
vertically,  a-s  to  i-escmblt;  granite  in  this  respect; 
while,  it  will  further  be  shown  hereafter,  that  many 
of  the  extensive  masses  of  these  i-ocks  now  visible 
at  the  surface,  have  actuallj*  been  once  covered  by 
fttrata  nhich  have  disappeared  in  the  progress  of  decay. 
■  It  would  be  an  obvious,  yet  a  superficial  conclusion, 
that  tJie  trap  rocks  have  beeu  deposited,  like  the  ac- 
conipanyiug  t»trata,  from  above.  But  the  moment 
that  their  igneous  origia  is  admitted,  that  opinion 
falls  to  the  gronnd;  as  there  is  no  external  source 
whence  they  could  have  been  derived.  By  the  ar- 
gument of  dilemma  therefore,  we  must  Reek  their 
origin  in  the  same  regions  that  produced  granite. 
That  this  really  is  their  origin^  is  further  proved  by 
the  positive  arguments  derived  from  the  masses  that 
lie  bcneatli  or  among  tlic  strata,  by  the  depth  and 
magnitude  of  their  veins,  and  by  the  marks  of  force 
which  accompany  their  juxtaposition  to  the  strata. 
If  any  further  donbt  coidd  exist,  it  would  be  removed 
by  the  phenomena  of  volcanoes.  The  substances 
which  these  produce  are  not  only  strictly  analogous 
in  all  tlicir  essential  characters  to  some  of  the  trap 
rocks,  hut  often  undistinguishablc;  while  the  varia- 
tions which  do  appear,  admit  of  an  easy  explanation, 
from  differences  easily  dehned-  ITiese  rocks,  having 
passed  through  the  strata,  flow  over  them  in  certain 
cases  ;  while,  in  many  (Hhers,  tbeix*  is  reason  to  sup-* 
pose,  from  the  eftects  following  tlic  cartlK|n«ke9  whicti 
accompany  them,  that  thfcV  l^ftvG  intruded' among'fl^ 
itrata!  ■  bcncaih  rbe,  surfis^cj  M  ns  to  have  ^fm^dtfctt! 
rtioij*  well-known  pcrnmiieut  elevations  of  the  Iiirid 
found  in  volepniic  oouatHes.    That  they  elevate  tit; 
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superficial  strata,  is  fully  proved  by  the  phenomena 
attending  the  volcanic  Coral  islands. 

It  is  in  the  deeper  regions  of  the  globe,  therefore, 
to  those  where  wo  have  found  t!ie  origin  of  granite, 
that  we  must  seek  that  of  trap.  These  substances 
are  essentially  of  the  same  nature,  but  they  have  been 
produced  at  distant  periods  of  time.  In  accounting 
for  the  present  superficial  position  of  trap,  we  are 
provided  with  two  resources;  that  of  its  flowing  out 
in  the  manner  of  lava,  so  as  to  cover  the  strata,  and 
the  final  removal  of  these  so  as  to  leave  bare  that 
which  was  once  concealed  beneath  them.  This  qne.s- 
tion  is  worth  pursuing  a  little  further. 

If  chalk  be  the  uppermost  marine  stratum  in  any 
spot,  and  if  a  trap  has  been  erupted  under  the  sea,  as 
many  appeai-ances  indicate,  it  must  have  flowed  over 
the  surface  of  that  rock.  It  may  have  fiowed  above 
many  others  ;  as  it  is  by  no  means  certain,  nor  even 
probable,  that  chalk  has  been  formed  every  where. 
But  respecting  tliis  we  cannot  hope  to  acquire  any 
satisfactory  evidence;  as,  iu  the  present  state  of  the 
earth's  surface,  it  is  impossible  to  determine  which 
strata  have  been  removed,  and  which  were  never  de- 
posited. 

On  this  supposition  wc  may  also  account  for  the 
partial  existence  of  the  trap  rocks.  It  is  not  necessary 
to  suppose  that  they  have  been  universal,  or  even 
much  more  general  than  their  present  i-eniaioing  indi- 
cations now  show.  Although  the  materials  of  trap 
may  have  existed  bencatli,  as  generally  as  those  of 
granite  have  been  supposed  to  do,  it  docs  not  follow 
that  they  should  every  where  have  reached  the  surface. 
The  analogy  of  volcanoes  here  comes  again  to  oar 
aid;  indicating,  by  facts  which  cannot  be  disputed, 
the  possibility,  or  rather  the  probability,  of  tins  sup- 


posiuon.  It  is  on  tbia  ground  also  that  we  uwy 
readily  admit  successive  formations  of  trap  rocks; 
even  if  we  had  not  those  proofs  of  it  which  have  al- 
ready been  mentioned :  and  it  may  tlins  even,  prove,  that 
many  of  those  now  known,  which  are  in  contact, 
separately,  with  different  strata  in  the  series,  may 
actually  have  been  of  diflerent  periotls,  and  not  the 
consequences  of  a  single  deposit  on  rocks  of  differeut 
natures;  separated,  itself,  into  distinct  parts,  by  the 
effects  of  waste.  It  is  not  a  little  remarkable,  on  this 
view,  that  two  deposits  of  trap,  of  which  the  distant 
succession  is  proved  by  appearances  that  will  hereafter 
be  fully  detailed,  are  fonnd  in  the  same  place;  a  phe- 
nomenon exactly  similar  to  the  renewal  of  volcanoes 
at  distant  intcr%'al8  among  the  rnins  of  those  long 
since  extinct. 

It  must  thus  be  apparent,  that  whatever  differences 
may  exist  between  trap  and  granite,  whether  in  their 
relations  to  the  strata,  or  their  mineral  characters, 
they  are  strikingly  analogous  in  almost  every  essential 
general  circumstance,  and  that  the  former  may,  in  a 
certain  sense,  be  considered  as  a  recent  granite;  as 
the  granite  of  the  newer  strata.  The  circumstances 
respecting  these  analogies  which  have  not  yet  been 
noticed,  will  be  found  in  their  history  in  future  chap- 
ters. It  remains  to  aeeonut  for  one  diftercnce,  on 
which  mnch  sli-ess  has  been  laid,  not  only  by  those 
who  deny  the  igneous  origin  of  every  rock,  but  by 
those  who,  unable  longer  to  blind  themselves  re^ 
spccting  that  of  trap,  reserve  all  their  force  in  favour 
of  the  aqueous  origin  of  granite. 

It  has  been  said  that  granite,  to  a  state  of  fusion  and 
protrusion,  ought  to  have  been  erupted  so  as  to  flow 
over  the  strata,  and  that,  like  the  trap  rocks,  it  ought 
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now  to  ho  fouod  in  that  situation;  which  it  U  not. 
This  is  a  proposition  apparently  very  simple;  hut  the 
3ini]>licity  of  a  proposition  ought  to  be  well  ascer- 
tained before  it  is  advanced  as  such. 

la  the  phenomena  that  attend  volcanoes,  which 
were  just  noticed,  it  seems  certain  that  volcanic  matter 
IB  Hometimes  moved,  or  perhaps  introdnced  among 
the  fttrata,  without  appearing  at  the  surface.  Tho 
cause  is  here  indicated  hy  that  eruption  of  rock  which 
takes  place  at  a  distant  point  at  the  same  time.  The  con- 
dition of  the  surface  in  many  part*  of  Il^y?  JUid  the  an- 
tient  changes  of  level  which  it  has  nndcrponc,  seem 
to,  he$peak  the  agency  of  this  cause,  if  it  were  not 
pi-ovcd,  in  many  other  cases,  by  those  alterations  in  the 
form  of  the  surfacp;whieh  hav«  attended  earthquakes. 
The  elevation  of  Coral  islands  proves  that  additions 
of  solid  matter  have  been  made  to  the  strata  beneath 
them,  as  there  is  no  other  mode  of  solviuj;  this  phe- 
Douienon ;  while  the  actual  eruption  of  volcanoes 
in  the  neighbouring  parts  of  the  ocean,  leave  no  doubt 
with  respect  to  the  nature  of  the  cause. 

If,  in  such  cases  as  this,  we  conceive  the  surface 
to  be  removed,  as  it  will  be  at  some  future  period, 
we  should  probably  find  many  places  where  the  ap'^ 
pcurauccs  would  resemble  those  produced  hy  granite; 
that  is  to  say,  m:uiscs  of  fused  matter  wh^ch  hww 
uot  overflowed  the  strata.  ;     ,  ,     '  .■  '  .■ 

'J'lm  next  step  U, to  apply  tjiis  rcasoniag  to  ihc  trap 
rocks.  Iff  in  any  placc^  tlic  Ruperhcial  masses  of 
these  were  to  be  cotirely  removed,  we  should  discover 
the  openings  whence  they  had  flowed;  as  we  liave 
already  probably  done}  in  many  cjises,  hy  ascertaining 
U)c  places  of  \Tiu8.  Here  then  we  should  6nd,  what  per- 
hapswchavealready  truly  foiuid,  the  unerupied  trap,  with 
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the  strata  reclining  against  it,  as  in  the  case  of  grauite. 
If  we  conceive  that,  by  a  still  ftirthcr  process  of  waste, 
not  only  the.  erupted  trap,  hut  the  subjacent  struta 
themselves  should  have  disappeared^  we  should  arrive 
at  the  fundamental  mass,  and  find  only  iho  slender 
remains  of  highly  disturbed  strata,  covering  this  inter- 
minable source  of  the  erupted  rocks.  Trap  vonid 
then  hf  to  us  iis  granite;  nor  would  any  proofs  of  its 
former  eruption  and  overflowing  remain. 

Now  this  is  not  a  mere  postulate.  In  the  district 
of  Moi-veuT  a  mountainous  mass  of  trap,  attaining  to 
\*2i00ot'  1500  feet  in  height,  meets  a  similar  mountain 
of  gneifls  in  a  line  not  far  deviating  from  the  j)eq)cn- 
dttular,  its  base  being  lost  beneath  the  sea.  Here  the 
igneiss  reposes  oh,  or  meets  the  trap,  precisely  as  it 
I, Would  a  mass  of  granite,  and  is  in  the  same  manner 
disturbed  at  the  junction.  This  trap  niase  is  indeed 
connected  witli  a  portion  that  covers  secondary  strata, 
aud  which  may  be  considered  as  its  erupted  part.  Hut 
this  is  fast  wasting  away;  and  the  time,  however 
distant,  must  at  length  arrive,  when  the  trap  of  Mor- 
v€n  will  present  all  the  geological  appearances  of 
granite,  and  when,  should  it  accidentally  hare  poa- 
icsscd  the  granitic  niiuerul  character  of  some  of  the 
lyenitic  traps  of  Sky,  it  would  be  supposed  an  un- 
rnpted  rock,  and  a  granite, 

'Similar  appearances  occur  in  Sky,  where  masses  of 
trap  that,  as  far  as  we  can  discover,  are  iulcrmiuable 
downwards,  pass  through  the  secondary  strata>  which 
>areconse(|ucntly  found  in  the  same  relative  position  to 
iheni  that  the  primary  strata  sometimes  are  to  granite, 
Ine  of  these  is  many  miles  in  diameter ;  and,  did 
teilhcr  Sky  nor  any  other  district  preserve  the  vestiges 
}i'  erupted  and  ovcrllowiug  IViip,  it  might  here  also 
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be  ai^ued  that  such  a  mass  coutd  not  have  bcco  eject- 
ed from  below. 

In  thest:  last  cases,  there  is  one  circumstance  worthy 
I  of  notice  Id  this  question  :  it  is  the  difference  between 
'the  lUHQuer  iu  which  the  trap  meets  the  secondary 
[strata,  and  that  in  wbieli  granite  meets  the  primary. 
iXhe  junctions  in  Sky  are,  in  many  parts,  vertical  and 
ivcry  precise;    although  there   are  the  usual  limited 
disturbances  and  pcnetratiug  veins.     This  ditference 
I  arises  from  a  difibrent  condition  iu  the  invaded  atratui 
which  is  coufirnied   by  every  other  circumstance   of 
difference  that  attends  the  passage  oi"  veins  in  both,  the 
appearances  at  the  junctions,  and  those  of  the  strata 
tliemselves.     These  were  noticed  before  in  the  case  of 
;  veins,  and  they  arise  from  the  yielding  and  iiexible 
nature  of  the  strata  in  the  one  case,  and  their  rigidity 
in  the  other ;    facts  fully  evinced  by  the  contortions 
which  attend  the  primary  strati  Bed  rocks.     The  very 
qtiality  of  the  rocks  themselves,  iudepcndeutly  of  soft- 
■ness,  may  have  contributed  to  these  differences;  as  is 
proved  by  the  instance  in  Morven,  where  the  lateral 
junction  of  the  trap  with  the  gneiss  is  of  a  very  dif- 
ferent character  from  those  which  take  place  betwecu 
it  and  the  secondary  strata  of  Sky.     So  far  therefore 
/roni  its  being  proved  that  the  mode  of  junction    be- 
I  twccn  granite  and  the  incumbent  strata  is  not  the 
tonscqucncc  of  eruption,  because  it  does  not  resemble 
the  junctions  of  trap  in  similar  cases,  these  difiercnces 
are  precisely  of  a  nature  to  cunBrm  that  opinion.     If, 
in   mechanics,  unequal  bodies  are  projected  with  a 
common  velocity,    we    infer  that  two    forces    have 
lacted;  if  the  velocities  are  diftercnt,    we  tlicn  inquiie 
whether  one  force  may  not  have  acted  on  both.     It  w 
'uut  probable  that  Geology  will  ever  be  ranked  among 
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the  accurate  sciences  ;  but  wc  may  here  infer,  from  a 
balance  of  phenomena,  that  which  we  cannot  de- 
monstrate. 

There  is  yet  a  case  of  uneruptcd  trap,  of  which  Sky 
prodaces  a  distinct  example,  and  which  is  relevant  to 
the  question  under  consideration.  It  has  also  been 
obscr\'cd  elsewhere.  In  this  ii)5t:mce,  a  mass  of  trap, 
iinterniinatcd  downwards,  and  ol  a  conoidal  form,  is 
seen,  in  a  fair  and  deep  section,  covered  by  the  secon- 
dary strata,  which  arc  so  bent  over  it  as  to  be  accom- 
modated to  its  form.  Here  is  a  case  precisely  ana- 
logous to  tliat  of  an  uneruptcd  granite;  and  it  is 
obvious,  that  when,  in  the  propifss  of  waste,  its  sum- 
mit shall  reach  the  smrface,  it  will  present  an  example 
of  unerupted  trap,  with  the  strata  conforming  to  it  on 
each  side,  just  as  the  primary  are  so  often  found  to  do 
in  mountains  of  granite. 

We  may  now  inqnire  how  these  facts  apply  to  the 
Btatc  in  which  granite  is  supposed,  by  the  postulate^ 
to  be  invariably  found  ;    uiiempted,  and  not  lying  on 
■  the  strata  to  which  it  is  contiguous. 

TTie  last  cose  of  trap  quoted,  is  here  applicable,  and 
perhaps  more  completely  than  would  at  first  be 
imagined.  If  it  was  not  necessary  that  a  protruding 
and  protruded  mass  of  trap  should  in  everj-  instance 
make  its  way  through  the  superincumbent  strata, 
neither  has  it  been  in  the  case  of  granite.  Even  the 
rigid  sandstones  of  Sky  have  yielded  to  the  pressure  of 
the  trap  ;  and  much  more  must  it  be  believed  that 
this  has  happened  in  the  case  of  granite,  when  the 
softness  and  Hexibility  of  the  primary  strata  in  its 
vicinity  are  considered.  I  need  scarcely  add  that  the 
volcttuieclevationsof  strata,  without  eruption,  present 
llic  Kuuc  analogies. 

There  arc   moreover    circumstances  in    the    con- 
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atitntion  of  granite^    which  prove  tliut  it  Las,  for 
longer  period,  been  under  the  inl^uccicc  of  lieat  than 
the  tnip  rocks.     Tliis  is  its  more  perfect  aud  distinct 
crystallization  ;  a  difference  which  we  are  enabled  to, 
produce,  even  in  our  laboratories,    by  prolongiug  tin 
Huid  state  of  fused  traps,  and  which  is  a  common  o( 
currcncc  in  volcanic  rocks  under  ^iniilur  difl'erences  in' 
tlie  rapidity  of  cooling.     1  shall  hereafter  also  attempt^ 
to  i>liou',    tluLt    gncitis  itself  is  the  evanescent  Uiuil 
between  granite  and  the  other  stratified  rocks.     Thn» 
it  is  at  least  po8siI)le,    perhaps  even  probable,   that  ii 
many  cases  where  granite  hjis  actually   been  erupted;^ 
the  rocks  which  it  covered  Imvo,    by  long  exposure  to, 
its  action  ami  by  being  thus  involved  in  it,  been  ccuk-«] 
Yortcd  into  its  snbstiucc^      Tliis  supposition  is  not  ii 
want  of   support  from    analogies    furnished  by   tho] 
Trap  loeks ;    as    an  instance  occui-s  in  Cantyre,    us 
well  as  on  the  continent  of  Europe,  where  the,  gradual 
conversion  of  a  schistose  rock  into  porphyry,  under 
similar  circumstances,    is  proved  in  the  most  unqucsi-i 
lionable  manner. 

In  the  next  place,  we  may  apply  to  granite  as  we' 
now  find  it,  tlie  cases  of  apparently  unempted  trap 
already  examined.     The  immense  deposits  of  mate- 
rials which  now  form  the  alluvial  tiacts  of  the  globe, 
the  enormous  masses  of  secondary  strata  which   have 
been: '  produced    by    anticnt   materials  of    the  same 
nature,   all   pro\*c  the  magnitnde  of  the  destruction 
which  mountains  have  formerly  experienced,    wliich 
they  arc  now  rhiily  undergoing.     Let  imagination  re- 
place the  plains  of  Hindostiui  on  the   Himulya,    or' 
rebuild  tlie  mountains   which  furnished  the  secondary 
Hirala  of  Kngland,  and  it  needs  not  be  asked  what  tsi 
the  cxtrni  4if  ruin,  modern  or  anttcnt.     In   this  rnin, 
ihu  liiglieNt  rocks  participate  most  largely;  so  largely. 
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ihat  we  can  scarcely  hope  to  find  uue  portion  of  that 

l^urfuce  wliich  was    onct*    most    elevated    hI>ovp    llie 

WRters.       Jf    in  the  progress  of  snch  extensive  de- 

^stmetioti,    thns  prolinbly  acting  on  the  priuiary  rorkft 

at  two  diatinct  periods,  every  vcatige  of  overHowing 

granite  has  diasuppearcd,   it  is  assuredly  mi  event  not 

caleulated  to  cxitc  suiprise. 

'Unit  granite  has  in  reality  furnished  a  very  largt* 
|)art  of  the  luatcrials  of  th«  recent  strata,  is  proved 
by  their  constitution.  Quartz,  felspar,  mica,  and 
hornblende,  are  the  chief  materials  of  the  suudsstonci*, 
shales,  and  clays;  nay,  tlie  very  fni^iueuts  of  that 
rock  are  found  every  where.  Even  in  our  recent  al- 
luvial soils  they  abonud;  and  it  is  a  question  worth 
considering,  whether  the  ijranite  houiders,  of  which 
the  inunediate  origin  has  so  often  been  vrainly  traced, 
are  not  rather  the  portions  of  decomposed  conglo- 
uicrutc  strata,  or  the  more  durable  remains  of  the 
alluvial  soils  on  which  tlicy  now  repose.  '^ 

^^  Jn  an  avf^^nncnt  thus  made  up  of  prohabilitirs  antl 
Dting  on  analogies,  it  is  legitimate  to  muster  all  the 
force  that  can  he  adduced.  We  have  yet  to  learn 
vhcther,  if  the  secondary  strata  were  laid  bare,  the 
granite  inigltt  not  often  he  found  beneath  them  and 
incuxzibcnt  o»  the  primary  ;  protected  from,  at  least 
the  second  period  of  destruction,  by  their  covering. 
It  may  happen,  for  example,  for  any  thing  that  we 
can  prove  to  the  contrary,  that  this  very  case  may  bo 
present  in  Snthcrland,  where  the  secondary  stratn 
actually  repose  on  granite.  The  observations  on  the 
jnnctious  of  granite  and  the  primary  strtita  are  not 
iy  to  make,  nor  are  tlie  exposures  often  very  |>er- 
^  feet ;  so  that  this  is  one  of  the  ciwes  where  the  difli- 
culty  of  proving  a  negative  leaves  ronjetturo  alike 
(pen  to  all.     Whv  may  it  not  he  added,   that  there  i^ 
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not  only  an  absolute  want  of  observations  on  this 
subject,  but  that  the  universahty  of  a  prejudice  in 
favonr  of  the  a<|ueous  origin  of  granite,  renders  some 
observers  as  unwilling  or  as  unable  to  discover  the 
truth,  to  explain  appearances  in  an  obvious  manner, 
us  others  are,  from  want  of  experience  or  other 
canses,  incapable. 

This  argntncnt  lias  hitherto  proceeded  on  the 
pounds  of  analogy  and  of  inference  from  causes  and 
cftecis ;  but  it  is  time  to  ask  whether  tlie  postubite  is 
really  trne,  when  it  assumes  that  granite  has  not 
overflowed  the  strata.  I  !iave  shown  in  another 
work,  (Western  islands,)  that,  in  Sky,  a  granite, 
defining  it  by  its  iiiineralogical  characters,  is  an  inte- 
grant |mrt  of  a  mass  of  unstratificd  rocks  which  Hes 
on  tt  stratified  limestone.  If  I  have  chosen  to  consider 
this  rock  as  a  member  of  the  ti-ap  family,  it  is  merely 
because  I  have  thought  fit  to  adopt  the  diifcrence  of 
age  as  a  criterion  Ijetween  granite  and  trap,  for  rea- 
sons that  need  not  here  he  stated.  The  fact,  so  far 
as  this  argument  is  concerned,  remains  the  same ;  but 
it  is  plain  that  it  will  be  necessary  to  abandon  this 
distinction  between  trap  and  granite,  whenever  it  shall 
be  disputed  whether  the  latter  has  ever  overflowed 
the  stratA.  If,  in  this  particular  instance,  I  had  not 
detected  the  superposition  of  the  mass,  it  would  of 
course  have  been  ranked  with  granite;  and,  in  confir- 
mation of  this,  we  have  the  authority  of  Von  Hnch, 
u  testimony  never  yet  cpiestioned,  that  granite  lies 
above  conchifcroua  limestone  in  Norway.  No  evi- 
dence can  be  less  liable  to  suspicion  than  that  of  a 
|>orstin  who  denies  the  truth  of  the  theory  of  which 
his  own  testimony  is  adduced  as  a  proof. 

We  are  thus  at  lengtii  brought  to  consider  the  fur- 
ther evidences  that  way   be  produced  to  prove  the 
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imnion  scat  of  (>i-aiiitc  and  Trap,  and  the  identity 
■  of  the  tircunistances  in  which  they  have  originated. 
These  arc  dcducihle  from  similarity  ;  in  certain  casrs, 
from  absohite  identity  of  character;  but  I  niiist 
premise,  that  to  limit  the  term  granite  to  tlie  sole 
eompouud  of  qnartz,  mica,  and  felspar,  la  merely 
to  abuse  a  mineralogical  terra  for  the  purpose  of 
evading  a  gcologiail  inference.  This  is  an  expedient 
which,  however  often  used,  is  inconsistent  with  the 
rules  of  sound  logic.  In  a  geological  sense,  every 
rock  must  he  considered  a  granite  which,  whatever 
its  composition  may  be,  forms  a  portion  of  a  conunon 
mass  of  that  rock  in  its  most  acknowledged  charac- 
ter. 

In  Aberdeenshire,  the  leading  varieties  of  granite 
are  of  that  character  which  agrees  with  the  most 
rigid  mineralogical  definition,  and  the  superpusiliou 
of  gneiss  over  a  very  extensive  tract  of  that  rock  can 
be  traced  with  the  greatest  facility.  But,  in  many 
places,  a  variety  of  this  granite  occurs,  which  is  com- 
posed of  i'tlspar  and  hornblende  only,  passing  into 
the  ordinary  kind  by  means  of  the  nsnal  fourfold 
compound  of  hornblende,  quartz,  mica,  and  felspar, 
and  the  threefold  one  composed  of  hornblende,  quiirt/, 
and  felspar ;  to  both  of  which  the  term  Syenite  has 
sometimes  been  apphed.  The  continuity  and  gra- 
dation of  all  these,  and  their  inferiority  to  the  primary 
strata,  can  be  traced  without  the  slightest  difficulty. 
In  examining  more  minutely  the  duplicate  compound 
just  mentioned,  it  is  observed  in  many  places  to  as- 
sume a  fine  grain,  and  thus  at  Ivngtb  it  becomes 
nndi sting uishable  from  the  greenstones  of  the  trap 
family.  But  the  identity  does  not  cease  even  here  ; 
f^ioee,  in  many  places,  it  passes,  in  the  same  uniuterr 
t^  nwiner,  into  a  basalt,    aud,  at  length,  iutoia 
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soft  flaystonp,  Tiitli  a  schistose  tendency  on  exposure, 
in  no  respect  dit^bring  frum'tliosc  of  the  'J'rap  islands 
of  tlic  western  coast.  And  the  sninc  facts,  precisely, 
occur  in  Guernsey  ;  so  that  ii  iniiieralogist,  or  a 
snpcrficial  geologist,  wouldj  unhcsitatiDgly,  call  that 
a  ha&olt  which  is  hnt  a  graduating  portion  of  the 
general  mass  of  granite. 

In  each  case,  idl  these  rocks  form  a  coiqjduq  gra* 
duatiug  iiiasm,  uud  arc  therefore  of  the  same  date; 
but,  in  Shetluiid,  there  occurs  another  instance  which 
presents,  with  similar  features,  an  interesting  variety 
of  origin.  In  that  region,  there  is  an  extensive  mass 
of  red  granite  of  an  ordinary  strnctnrc,  accompanied 
by  a  dark  one  composed  of  the  quadruple  compound, 
hornblende,  mica,  felspar,  and  quartz,  in  tlte  latter, 
the  same  gradation  into  basalt  may  be  tniced,  in  a 
manner  equally  perfect;  and  that  this  mass  is  granite^ 
is  evinced  by  its  inferiority  to  gneiss  under  all  the 
usual  nell-knowu  appearances.  Bnt  it  is  also  of  a 
prior  diite  to  the  red  granite ;  as  the  latter  every  where 
penetrates  it  by  its  vehis,  jnst  as  it  does  the  approxi- 
iiiute  strata,  llencc  itii  antiquity  is  no  less  unques- 
tionable than  its  churacter. 

•  /rhos  it  is  proved  that  granite,  or  at  least  a 
rof!'lc  originating  in  the  same  causes,  may  possess 
the  chiuacters  of  sonic  of  the  most  common  varietiosi 
of  the  most  recent  traps.  It  remains  to  reverse  the 
proposition,  and  to  a<ldnce  instancrt)  of  the  grft- 
nilic  character  among  these  recent  unstratificd 
rocks, 

'it  the  rock  of  Arran  be  cobsidci-cd  itgraniiey  which 
h  i»  vHCci-mi-d  to  be,  the  same  liltitudo  uiustibtt'ox'^ 
trndml  ti?  ihut  of  St.  ICilda.  Alitft  ib  ofleunl»Mnt 
irtun  Iioih:  and  hotli  ("ontJiinvin  (H«ftMti  parts*  cnv!f^»s 
in  wluch  tifl«piii'  and  brown  quarts   arc  crystalhy-wh 


But  the  rock  ol'  St,  KikU  is  connected  with  commuu 
^recnst»>ne  and  augit  rock;  siihstances  e&teemcd  to 
appertain  to  the  Irap  tWuily.  If  these)  inj>ttad  of 
Ijciui^  admitted  aiaung  the  trups,  are  retcrrcd  tu  gra- 
nite, St-  Kilda  nill  merely  offer  tUi  iui^tauce  to  add  to 
the  former  parts  of  this  analogy. 

In  Sk>',  a  *|uadniple  compound  of  hornhIende» 
felspar,  mica,  and  quartz,  pa^iscti  into  a  tripk*  one  in 
which  mica  is  ahscot,  mid  ut  leugtli,  by  a  variety  of 
gradation,  into  a  coHi|>uund  of  fcUpar  and  quart:!, 
fdspiir  and  hornblende,  claystone,  porphyry,  tuid 
greenstone.  'Xlie  whole  mass  is  continuous ;  iuid,  in 
some  plac<:  or  olJier,  every  member  of  it  is  found 
tying  above  the  secondiu-y  strata.  Here  then  is  a 
mass  of  trap,  eontaluin^  a  granite,  nndiatingnisliable, 
not  only  from  many  of  the  varieties  uhicb  occur  iu 
Arran,  but  from  those  which  arc  so  often  found  be- 
neath the  primary  strata. 

There  is  little  doubt  that  whenever  adequate  ob- 
servers -shall  choose  to  follow  the  course  here  pointed 
ont,  and  to  purane,  uubiasseil,  that  chain  of  obs<rva- 
tion  whicli  is  only  here  for  the  first  time  indicated, 
iQore  histances  of  the  same  nature  will  be  brought  to 
U^bt,  both  among  the  traps  and  granites.  It  is  es- 
pecially iieeessary,  however,  to  guard  against  being 
misled  by  mineralogical  terms.  It  is  not  in  the  minute 
arrangements  of  a  cabinet  of  s|Kciinens,  tliat  the  great 
features  of  nature  are  to  be  studied;  nor  can  geology 
ever  rise  to  the  rank  of  a  science,  if  it  is  to  be  culti- 
vated by  grovelling  among  fragments  and  substituting 
hnrords  for  knowledge.  ( 

1  may  now  indeed  add,  that  sinco  this  chapter  has 
b<*-cii  so  fiir  arranged  as  to  rtauler  Its  alteration  incoii. 
veniunt,  1  have  been  satislied,  by  the  examination, 
Ixith  of  collections  and  tln^ircoUoctxirs,  that  thc^ai^e 
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phenomena  have  occurred  to  many  obsorvors.  The 
case  of  Predazzo  is  one  where  granites  of  all  charac- 
ters form  a  mass  with  augitic  gr&mstoiie;  the  whole 
being  later  than  the  red  mail  and  the  oolithe  lime- 
stone; and  from  the  observations  of  Von  Buch, 
Brongniart,  Boue,  and  others,  in  Norway  and  else- 
where, it  is  evident  that  what  I  had  so  long  pointed 
out,  re<|uired  only  to  he  more  generally  knowu  to  be 
found  a  very  common  occurrcucc. 

I  the  mean  time  I  am  unable  to  pereeivc  that  any 
thing  is  wanting  to  prove  the  identity  of  origin  in 
trap  and  granite.  It  is  little  likely,  at  least,  that 
geology  will  often  furnish  ns  with  evidence  of  a  more 
de<:idcd  nature.  Nor  is  it  an  indispensable  retjuisite 
to  this  argument,  to  produce  numerous  examples; 
since  there  arc  innumerable  cases  in  science,  among 
which  this  seems  one,  where  one  or  two  facta  iu'cas 
decisive  as  a  hundred. 

It  is  unnecessary  to  add  feeble  arguments  to  strong 
ones;  but  the  prevailing  mineral  characters  through- 
out the  whole  range  of  the  nnstratified  rocks  are  of 
a  nature  to  couBrm  that  which  is  here  proved.  Vet 
it  will  not  be  superfluous  to  allude  to  the  probable 
causes  by  which  the  characters  of  these  rocks  have 
been  modified;  and  which  have  had  an  effect  so 
generally  steady,  in  distinguishing  between  those  of 
the  families  of  granite  and  trap,  It  is  very  probable 
ihat  many  of  these  differences  arise  from  a  constitution 
radically  different;  from  the  propoitions  of  the  se- 
veral earths  entering  into  them.  In  extreme  cases,  as 
between  claystone  and  granite,  they  certainly  depend 
00  that  cause.  To  put  a  hypothetical  ease:  If  it  be 
conceived  that  granite  was  produced  from  the  fusion 
of  an  argillaceous  sandstone,  and  basalt  from  that  of 
nn   argillaceous  schist,  the  cunseijnent  difference  l>e- 
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tweeii  Oiese  twu  substances  is  easily  accounted  for. 
It  is  unnecessary  at  present  to  support  this  ciise  by 
facts,  as  it  will  better  come  under  review  hereafter; 
but  even  where  the  composition  is  similar,  experiment 
haft  taught  us  that  the  same  mixture  will,  under  dif- 
ferent degrees  of  heat,  and  with  a  dificrent  management 
of  it,  produce  different  artificial  rocks.  Slow  cooling 
generates  a  highly  crystalline  arrangement;  quick,  an 
obscure  one.  The  reader  may  be  safely  allowed  to 
make  use  of  this  analogy  in  his  own  way;  as  the 
writer  himself  could  do  little  more  than  apply  it  hy- 
pothctically  to  the  explanation  of  the  diiferences  be- 
tween trap  and  granite.  Only  let  it  be  recollected, 
that  there  are  many  differences  in  the  conditions  of  the 
earliest  and  latest  erupted  materials,  and  in  that  of 
the  strata  among  which  they  liave  intruded,  which 
will,  with  a  little  reflection,  go  far  towards  explaining 
the  differences  in  question,  if  the  causes  and  effects 
cannot  be  rigidly  approximated. 

I  will  not  now  examine  the  reasons  why  the  fluidity 
of  granite  and  of  trap  must  have  been  a  fluidity 
effusion;  although,  as  a  question  common  to  all  the 
nnstratified  rocks,  it  in  some  measure  claims  a  place 
here.  It  will  l>c  more  conveniently  examined  when 
the  mineral  nature  of  these  rocks  shall  come  under 
review. 

Thus  far  this  discussion  has  proceedcil  without  in- 
vnUing  considerations  of  a  merely  hypothetical  nature; 
bnt  it  cannot  be  dismissed  without  noticing  the 
causes  which  Geological  Theorists  have  assigned  for 
the  fusion  and  protrusion  of  the  uustratificd  rocks. 
To  the  expausive  powere  of  a  heat,  or  fire,  situated 
deep  Ixrneath  the  surface,  is  attributed  the  enlargement 
or  protrusion  of  the  fluid  which  it  has  prodnccd.     The 
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arguments  shall  here  he  stated  in  as  brief  a  form  as 
possible;  as  there  is  little  to  be  gained  by  dwelling 
on  illustrations  of  this  nature. 

It  is  argued  that  heat  docs  operate  some  of  the 
effects  in  question,  and  that  it  is  capable  of  producing 
them  all,  that  no  other  agent  is  known  c([ual  to  ful- 
filling all  the  conditions,  And  that  the  effects  arc  ana- 
logous tn  those  which  are  witnessed  in  the  actions 
of  Volcanoes,  whether  as  they  relate  to  fusion,  ex- 
pansion, or  elevation  of  the  superincumbent  strata. 
It  is  next  argued  that  the  existence  and  permanence 
of  hot  springs,  and  the  antiquity,  renewal,  or  existence 
of  Volcanoes,  prove  that  the  earth  is  the  repository 
of  a  deep  seated  and  permanent  source  of  heat.  The 
qncstions  which  regard  the  real  nature  of  this  beat, 
whethur  it  l>e  permanent  or  but  occasionally  excited, 
will  be  jnore  usefully  discussed  when  the  nature  of 
Volcanoes  is  hereafter  examined. 

Of  P^ehis  of  Qitartz  and   Carhonat  of  L'tme. 

It  remains  yet  to  consider  those  rock  veins  whic^ 
belong  neither  to  the  families  of  trap  nor  granitc^ji 
Tlie  most  abundant  are  those  which  consist  of  qnart^H 
and  of  carbonat  of  lime,  and  they  will  be  found  morc^ 
analogous  to  mineral  veins  than  to  those  which  have 
preceded.  They  even  throw  a  sort  of  light  on  some 
circnm stances,  at  least,  in  the  formation  of  those 
veins;  although  the  greater  part  of  that  subject 
still  involved  in  impenetrable  obscnrity. 

Veins  of  quartz  arc  found  in  granite,  gneiss,  niic 
ceons  schist,  and  indeed  in  every  member  of  the  pri- 
mary rocks ;   nor  are  they  even  excluded  from  the 
secondary,    althongb  in  these  they    arc  more    rare. 
They  present  many    varieties  of  mineral  charactcri 
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since  tliey  are  the  repositories  of  rtiost  of  the  speci- 
niciis  of  this  substance  vrliich  arc  to  be  fonnfl  in  mi- 
neral collections.  An  emiineration  of  these,  forms  no 
part  of  the  present  snbjcct.  In  their  dimensions, 
they  vaf j'  exceedingly  i  the  breadth  reaching  from 
many  yards  to  a  thickness  not  excecdine:  that  of 
paper,  and  the  length,  or  lateral  extent,  varying"  in 
the  same  niaUner.  As,  however,  tliey  have  no  con- 
nexions wiih  masses  of  sitnilar  rocks,  tboir  termi- 
nations In  every  direction  can  be  traced,  provided  ac- 
cess be  obtained  to  these.  'I'hey  are  snbjcct  to  rami- 
fication, and,  as  is  elsewhere  remarked,  they  some- 
times follow  the  contortions  of  the  strata  in  which 
they  are  contained. 

The  same  description  will  serve  for  veins  of  colca- 
reons  carbonat ;  but  it  must  be  remarked  tlnit  the 
rocks  in  which  these  occur,  are  much  more  limited. 
They  are  found  in  limestone,  in  serpentine,  in  argil- 
laceous schist,  in  shale,  in  some  sandstones,  and  in 
trap ;  but  are  extremely  rare  in  micaceous  schist,  or 
the  other  rocks  of  the  primary  division :  in  granite 
and  gneiss,  they  have  never,  I  believe,  been  ob- 
served. 

The  origin  of  these  two  kinds  of  veins  |^has  been  a 
matter  of  dispute  among  difterent  theorists.  Thcv 
have  been  calle<i  contenipoianeons  by  one  party,  and 
supposed  to  be  pi'odueed  by  the  same  unaccountable 
crystallization  that  formed  the  inchiding  rocks.  It 
wiH  be  time  enough  to  examine  the  validity  of  this 
theory  when  nature  shall  establish  new  laws  of  cry- 
stallisation, and  when  the  past  and  the  future  are 
lUike  present.  Those  who  have  favonred  the  theory 
of  an  igneous  origin  or  consobdation,  have  imagined 
that  quartz  and  carbonat  of  lime  were  secreted  in  a 
state  of  fusion,    into  lissures  formed  by  the  shrinking 
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of  the  iudurated  Btratn.     Nothing  can  be  much  moi 
gratuitous  than  this  supposition  ;    while,  even  if 
mittcd,  it  would  not  explain  the  formation  of  tliese" 
veins  in  granite  and  trap.     There  appears  Httlc  difii- 
calty  in  tracing  them  to  a  watery  and  gradual  infil-_ 
tration  of  the  two  minerals  in  question  ;    whatevi 
objections  may  be  ui^cd  against  the  production 
extensive  veins  of  quartz  in  this  manner.     The  prt 
cess  may,  in  fact,  be  traced  to  a  sufficient  extent, 
allow  us  to  infer  the  possibility  of  all  that  is  here 
asked. 

The  infiltration  of  quartz  and  of  carbonat  of  liii 
through  rocks,  ig  proved   by  the  formation  of  cha 
cedonies,  quartz  crystals,  and  calcareous  spar,  in  tl 
inflated  cavities  of  trap  rocks ;    and  in  these,  evei 
stage  of  the  progress  can  be  traced,    as  I   have   fully" 
shown  in  former  writings.     Ft  is  proved  in  the  cas^H 
of  calcareous  spar,    by  the  very  common  formation  o^^ 
ordinary  calcareous  stalactites.        It  is  proved    that 
quartz  crystallizes  from  water  in  these  very  veina^l 
because  that  variety  of  rock  crystal  which  is  formed^ 
like  nitre,  not  by  the  process  of  gradual  increment  on 
one  central  nneleus,    bnt  by  a  process  commencing  in 
varioiLs  distant   parts  at  once,    often  contains  water. 
Lastly,   I   have  traced  the  actual  formation  of  these 
veins  in  primary  limestone  in  Glen  Tilt;    where  the 
narrower  parts  of  the  fissures  were  filled  by  a  conso-    i 
lidated  spar,  and  the  sides  of  the  remainder  were  cofl 
vcrcd  by  an   incipient  crystallization;     the  vacancy^ 
containing  a  solution  of  carbonat  of  lime.     The  end 
of  the  process  can,  in  such  a  case,  be  easily  predicted; 
and  there  is  no  difficulty  in  applying  the  same  expla- 
nation to  every  analogous  instance.     I  ought  to  ad^H 
in  terminating  this  subject,    that  the  same  vein  some- 
times contains  both  quart/,  and  calcareous  carbonat; 
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a  case  exactly  similar  to  that  of  tlie  siliceo- calcareous 
nodutes  found  in  trap. 

Veins  of  felspar  and  of  compact  felspar  are  not 
nnconimoD  in  those  rocks  which  coiitaia  veins  of 
granite  and  porphyry.  It  would  be  superfluous  to 
desciibe  them  particularly,  as  they  differ  in  no  re- 
spect in  their  features  from  those  of  granite  and  trap. 
It  will  be  found  that  some  of  the  veins  of  common 
felspar  are  varieties  of  granite  veins,  as  is  frequently 
indicated  by  occasional  crystals  of  imbedded  quartz, 
and  that  the  others  are  the  bases  of  porphyries  in 
which  the  usual  irol>edded  crystals  are  rare  or  alto- 
gether wanting. 

It  is  barely  necessary  here  to  mentiou  the  existence 
of  pitchstonc  veins ;  since,  as  it  seems  to  be  the  only 
form  in  which  that  rock  occurs,  it  will  be  better  to 
examine  the  %vhole  subject  in  its  proper  place. 

The  last  species  of  veins  reqairing  notice,  are  those 
conglomerate  veins  which  canaot  be  ranked  with  the 
mineral  veins  described  in  a  subsequent  chapter. 
They  are  probably  very  rare,  as  I  have  met  with  oaly 
three  instances  of  them.  In  these,  the  materials  con- 
sist of  varions  rounded  stones  with  clay  and  sand, 
cemented  in  the  usual  manner  of  conglomerate  rocks ; 
and  they  have  evidently  been  formed  by  the  casual 
falling  of  the  loose  materials  into  oiKui  fissures. 
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On   the  concretionmy  and  crystalline  Stntctuves 

Roth. 

The  internal  structure  forms  au  importaut    part 
the  natural  history  of  rocks,  and  is  also  interesting 
froiu  the  hints  which   it  may  afford  respecting  theii 
formation,  and  from  the  errors  to  which  it  u^ay  giv< 
rise.     The  modifications  of  the  coucretiomtry  structui 
may  be  divided  into  the  large  and  the  smull,  but  tb( 
liiuit  is  ^i^<|e6nable. 


Of  (he  (aminarf  foliated,  and  schistose  Structures. 

The  most  important,  perhaps,  if  not  the  most 
conspicuous  division  of  tlic  large  structure,  is  that  to 
which  the  very  wide  term  of  laminar  may  be  applied. 
This  is  that  modtficatiun  whicli  has  so  oftcQ  been 
confounded,  under  some  of  its  forms,  with  the  strati- 
fied disposition ;  giving  rise,  in  the  cases  of  Trap  and 
Granite,  to  serious  erroi-s.  One  of  the  most  interesting 
varieties  in  this  division,  is  that  which  occurs  in  granjte. 
The  size  of  the  concretions,  if  such  they  are  to  he 
considered,  is  often  immense;  while,  for  a  certain 
extent,  they  sometimes  put  on  the  appearance  of 
strata  so  accurately,  that  it  is  not  very  surprising  if 
they  have  misled  incautious  observers.  It  is  not  often, 
however,  thut  the  laminar  form  is  so  perfect ;  for,  on 
a  careful  examiuutiou,  it  will  generally  i>c  found  that 
the  sides  of  a  lamina  arc  fiir  from  parallel,  and  that 
they  speedily  disappear  in  their  progress,  being  irregu- 
larly entangletl  and  implicated  with  others,   not  oidy 


of  tlifferent  sizea,  but  of  various  irregnlar  foi-riis.  It 
is  not  iinfrequcDt  for  tbcse  laminae  to  be  curved,  so  as 
to  have  a  convexity  and  a  concavitj' ;  while,  iu  other 
cases,  all  their  boundaries  arc  convex,  cansiug  the 
laminar  to  approximate  at  length  to  n  large  spheroidal 
strxicture.  Fui-ther,  they  pass  into  the  cuboidal  or 
square  prismatic  structure,  in  consequence  of  fissures 
at  ri^ht  ang^les  to  their  planes ;  and,  in  the  same 
manner,  they  arc  soinetiuies  split  into  imperfect  co- 
lumnar divisions. 

The  minuteness  of  the  laminar  structure  is  at  times 
such,  that  granite  possessing  tliis  character  has  been 
called  schistose ;  but  the  ditlieulty  which  attends  some 
cases  of  this  nature  is  examined  in  the  chapter  on  the 
Destruction  of  Rocks.  (Chap,  xiii.)  It  is  proper  here 
to  add,  that  the  larger  laminar  structure  is  most 
freqnent  in  granite  ;  but  that  it  occurs  in  some  of  the 
trap  rocks,  including  porphyries,  and  is,  in  particidar, 
very  conspicuous  in  hypersthene  rock.  The  smaller 
lamimc  are  found  principally  in  the  traps  and  in 
pitchstones  :  and  it  thus  appears  that  this  structure  is 
Dearly  peculiar  to  the  unstratified  rocks.  It  occasion- 
ally happens  that  the  laminar  structure  is  to  be 
discovered  only  after  exposure  to  the  air,  a  circum- 
stance necessarily  noticed  in  the  chapter  on  decompo- 
sition, and  that  it  may  be  combiued  with  other  varie- 
ties, as  with  the  columnar,  in  many  of  the  trap  family. 
It  is  also  found  in  the  veins  of  the  later  traps  and  the 
anticnt    porphyries,    as    well    as  in    the   products  of 

'  'Volcanoes, 

The  circumstances  thus  detailed  respecting  the 
rucks  to  which  this  structure  lielougs,  added  to\m 
careful  and  uuprejudiced  eye,  must  be  the  Geologist's 
guide  in  distinguishing  laminx  from  .strata,    a  coucre- 

Itjouary  form  from  a  real  strati  heat  ioji. 
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The  foliated  structure  is  distinguished  rrom  that 
properly  called  laminar,  by  an  undefined,  or  else  aM 
comparatively  nnliniited  di\'i!iil)ility ;  and  the  examples ^1 
of  it  are  found  in  the  argillaceous  schists,  in  the 
micaceous  schists,  in  gneiss,  and  in  others  of  the 
analogous  primary  rocks.  It  is  conveniently  divided 
into  the  foliated  strictly  speaking,  and  into  th 
schistose. 

Ill  the  former,  which  occurs  in  the  primary  i-ocks 
that  contain  mica,  the  divisibility  is  the  result  of  the 
position  of  the  mineral ;  and  that  position,  it  is  else- 
where shown,  may  be  the  consequence,  cither  of  depo- 
sition or  of  crystalline  polarity.  It  is  unnecessary  to 
dwell  on  the  varieties  of  aspect  which  this  structun 
presents;  but  these  will  be  found  to  consist,  as  i 
gneiss,  in  its  irregtilarity  and  imperfection ;  or,  as  in 
the  finest  and  flattest  chlorite  schists,  in  its  extreme 
tenuity  and  flatness.  The  analogous  structures  which 
occur  in  the  secondary  calcareous  or  arenaceous  strat 
have  evidently  resulted  from  the  mode  of  mechanical 
deposition  by  which  these  have  been  produced ;  and^ 
very  generally,  from  the  conspicuous  interposition  of 
very  slender  portions  of  clay  or  of  mtca.  These  l>elong 
properly  to  stratification. 

'n»e  schistose  structure  is  one  of  those  which  may 
truly  be  called  concretionary ;  as  it  occurs  in  a  homo- 
geneous rock,  and  is  independent  of  stratification.     I 
ifl  almost  limited  to  the  nrglUnceons  schists ;  yet  not 
necessarily  to  those  which  arc  homogeneous,  as  th 
mixture  of  sand,  gravel,  or  fragments,  docs  not  proven 
its  existing  in  the  simpler  ba«e  hy  which  these   arc 
united.     A  similar  structure  occurs  in  the  sandstone 
of  Sky,  and  it  will  probably  hereafter  he  fouud  in  other 
instances  where  it  has  been  little  expected ;  in  which 
case  even  the  secondary  titrata  may  often  possess  a  tnd 
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schistose  ur  lomiaar  structure,  where  the  appearances 
have  been  attributed  to  stnttlficatiou. 

The  schistose  concretionary  structure  U  not  neces- 
sarily straight,  but  is  sometimes  found  to  be  curved, 
as  in  clay  slate :  and  that  the  curvature  belongs  to  the 
structure  and  not  to  the  bed,  is  evinced  by  the  regu- 
larity or  evenness  of  the  latter,  it  is  possible  that 
this  circumstance  may  tend  to  explain  some  of  the 
complicated  curvatures  tliat  occur  in  beds  of  micaceous 
schist  under  similar  circumstances  ;  but  the  suggestion 
was  rescr\'ed  for  this  place^  as  it  seemed  that  its  value 
would  here  be  better  understood.  Uut  that  all  cur- 
vature is  not  of  a  concretionary  origin,  is  proved  by 
the  remarkable  fact  noticed  in  the  ninth  chapter  as 
occcnrring  in  the  schist  in  Plymouth  Dock-yiu'd; 
where  the  contortions  are  maiked  by  diiferences  of 
colour,  and  the  schistose  structure  is  at  angles  to  them. 

It  is  not  unusual,  in  the  urgillaccons  schists,  for  the 
observer  to  mistake  the  direction  of  the  schistose  ar- 
rangement for  the  plane  of  the  bed.  It  is  true  that 
these  arc  sometimes  coincident,  as  in  the  secondary 
schists;  but,  in  tlie  antient  schists,  the  former  is  also, 
perhaps  most  generally,  at  angles,  often  very  consi- 
derable, to  the  plane  of  stratification.  The  mode  of 
making  this  distinction  is  stated  under  the  head  of 
ai^illaceous  schist. 

Of  ike  p7'ismatic  and  columnw  Sti-uciures, 

The  phenomena  of  decomposition  might  seem  to 
throw  some  doubt  on  the  existence  of  any  prismatic 
^strncture  differt^iit  from  the  columnar,  which  is  com- 
monly considered  as  forming  a  separate  division.  It 
|Jb  common  and  well  known  in  granite,  and  it  idso 
hoccnrs  in  some  rocks  of  the  trap  family.  It  is  found 
lalmost  invariably  on  the  large  scale,  and  is  possibly. 
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in  these  cases,  only  a  modification  of  the  laminar 
stmcture,  produced  by  fissures.  Where  it  occnrs  in 
thfi  sandstones,  it  appears  to  he  more  certainly  refer- 
ahle  to  this  cause.  When  it  was  thought  certain 
that  the  spheroidal  exfoliation  of  the  cuboids  of  gra- 
nite "waa  a  proof  of  a  spheroidal  concretionary  struc- 
ture, it  waa  natural  to  consider  these  as  prismatic 
concretions.  That  will  still  be  true  should  this  be 
proved;  but  as  some  of  the  cases  of  this  nature  arc 
unquestionably  shown,  in  the  chapter  on  the  de- 
struction of  rocks,  to  arise  from  the  action  of  tlie 
atmosphere,  the  whole  qnestion  must  remain  open  for 
further  imjuiry. 

The  columnar  structure^  on  account  of  its  sym- 
metry and  artificial  appearance,  is  nnquestionahly  the 
most  interesting  of  all  these  modifications :  an  interest 
not  a  little  enhanced  by  the  diOiculty  of  explaining  its 
origin.  It  presents  many  varieties,  aud  occurs  in  rocks 
of  very  different  characters. 

The  most  remarkable  forms  of  this  nature  are  those 
which  exist  in  the  rocks  of  the  trap  family;  in  the 
history  of  which  will  he  found  the  names  of  the  pai^ 
ticular  substtmces  in  which  they  occur,  together  with 
such  minuter  details  as  are  not  necessary  for  the  pre- 
sent purpose.  (Chap,  xxxix.)  These  columns  arc  of 
various  sizes,  ranging  from  the  diameter  of  even  an 
inch  to  one  of  many  feet,  and,  in  height,  from  a  foot 
to  many  hundred  feet.  They  are  almost  invariably 
associated  in  groups,  so  as  to  occupy  the  whole,  or 
portions,  of  the  stratiform  beds  ot^casionally  found  in 

le  trap  rocks.  In  these  cases  they  arc  generally 
parallel,  with  more  or  less  of  exactness;  but,  in  Bome, 
'they  arc  variously  and  irregularly  imphcuted.  Occ«- 
'sionuUy,  they  are  even  intermixed  with  amorphous 
matter  of  the  same  nature.     They  Hrc>..CQmm(H)lori 
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more  w  Jes?  accurately  vertical;  because  the  Iwds 
which  t!iey  divide  in  a  perpendicular  manner,  arc,  fn 
the  same  way,  more  or  less  strictly  horizontal;  but 
they  are  also  uccatiionully  curved  iu  a  variety  of  modes. 
They  are,  further,  often  divided  by  transverse  joints,  of 
various  forms,  though  sometimes  simple.  The  angles 
of  these  coltiinns  vary  in  number,  yet  so  tliat  the  pre- 
valent forms  lie  between  the  four  and  sevensided 
figures;  hut  it  is  essentially  necessary  to  remark,  that 
the  coDtuct  is  always  perfect ;  neither  vacuity  among 
the  angles,  nor  interval  between  the  approximate  sides 
intcrveuiug.  The  more  imperfect  forms  of  this  de- 
scription gradually  piiss  into  an  irregular  prismatic 
structure;  and  that  at  length  becomes  so  indefinite  as 
to  he  confounded  with  a  mere  tendency  in  the  solid 
rock  to  a  vertical  fracture. 

When  these  columnar  traps  arc  subject  to  decom- 
position, it  is  sometimes  observed  that  they  desipiamatc 
in  successive  crusts,  so  that  a  spheroidal  nucleus  at 
last  remains  where  there  was  once  a  prismatic  joint. 
This  has  been  supposed  a  proof  of  a  peculiar  con- 
cretionary structure  giving  rise  to  the  prismatic  form, 
the  arguments  rc3i>ecting  which  will  be  inmiediately 
considered. 

As  connected  with  the  trap  rocks  in  their  general 
characters,  it  is  proper  here  to  observe  that  some 
lavfls  occasionally  assume  the  same  figures.  It  has 
sometimes  been  said  that  this  occurrence  took  place 
only  where  such  lavas  came  into  contact  with  the 
sea  in  the  course  of  their  prt^ress;  and  it  has  been 
argued  that  a  similar  cause  may  have  pro<luccd  the 
columnar  form  in  the  trap  rocks.  But  the  assertion 
is  unfounded,  iu  all  res|>ects;  inasmuch  as  colninnur 
lavas  arc  found  where  no  water  can  have  been  pivsent, 
and  amorphous  ones  occur  beneath  ihc  sea. 

If    the  columnuv   strmluro   i^  common. 
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Stones,  it  must  have  been  overlooked  by  geologlsUi 
and  the  only  two  instances  with  which  I  am  acquainted 
are  found  in  the  island  of  Ruin  and  at  Dunbar,  in 
Scotland.  Tlic  fact  is  noticed  in  the  account  of  that 
rock;  (Chap,  xxxv.)  the  inferences  are  more  nscl'ully 
placed  here. 

The  columns  that  occur  in  the  sandstone  of  Rum 
are  of  small  dimensions,  not  exceeding  a  few  inches 
in  diameter.  They  lie  in  tlie  stratum,  in  perfect 
contact,  presenting  the  usual  intermixture  of  polygonal 
forms;  and,  what  is  especially  necessary  to  notice,  they 
arc  covered  by  a  mass  of  basalt.  At  Dunbar,  the  saud- 
stone  in  which  the  columnar  arrangement  is  found,  is 
that  which  is  known  to  be  the  lowest  of  the  secondary 
strata,  and  which,  ihrgughout  a  great  exteut  of  coun- 
try, presents  only  the  usual  stratified  character.  Tlie 
columns  are  limited  to  a  small  space,  but  are  of  con- 
siderable dimensions;  attaining  two  feet  or  moi'e  in 
diameter,  and  a  length  of  15  ieet  or  upwards.  Where 
this  columnar  structure  occurs,  the  character  of  the 
rock  is  changed  in  a  greater  or  less  degree;  becoming 
more  compact,  harder,  and,  in  some  places,  passing 
into  a  perfect  but  coarse  jasper.  In  additiouto  this, 
it  presents  tlie  indications  of  an  internal  concretionary 
structure,  similar  to  that  which  might  be  inferred  to 
exist  in  the  columns  of  trap,  from  the  mode,  already 
mentioned,  in  which  they  are  found  to  desquamate. 
The  transverse  sections  of  each  prism  arc  marked  by 
concentric  lines  of  different  colours,  whitish  and 
reddish;  which  conform  accurately  to  the  sides  and 
angles,  towards  the  exterior,  but  become  gradually 
curved  as  they  approach  the  centre;  indicating  the 
probable  existence  of  a  spheroidal  nucleus.  I'his 
disposition,  it  is  plain,  is  teal,  and  uncounected  with 
any  agency  of  the  utmosphere. 

The    eoluuinar  shales  or  argillaceous  iron  slOUes 
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as  they  have  been  called,  seem  to  be  in  every  respect 
analogous,  and  to  admit  of  the  same  reasoning.  This 
iDodificatiou  occurs  on  llie  lar^c  scale  in  Arran,  as 
well  as  iu  Orkney  ;  the  prisms  being  of  largti  diameters, 
but  divisible  by  transverse  joints  into  very  flat  tables, 
and  marked  by  other  peculiarities  described  in  the 
account  of  this  substance.     (Chap,  xxxviii.) 

In  trying  to  explain  the  origin  of  this  structure  in 
the  last  named  rocks,  it  is  first  to  be  remarked,  that 
the  appearance  is  limited  to  a  small  portion  of  ex- 
tensive beds  which  elsewhere  pi-escrvc  their  natural 
characters;  and  that,  in  both,  particuUirly  in  the 
sandstone,  there  is  a  simultaneous  change  of  the 
mineral  character  of  the  rock.  The  sandstone  passes 
into  jasper;  that  being  evidently  the  case  only,  where, 
from  being  intermixed  with  clay,  and  thus  approaching 
to  shale,  it  is  of  a  compound  nature,  llie  simple 
strata  that  are  found  in  it  are  indurated;  and  the 
purer  sandstone  is  also  hardened,  so  as  to  resemble 
some  of  the  varieties  of  cjuartz  rock.  Tliese  arc 
precisely  the  changes  that  take  place  in  similar  sand- 
stones where  they  arc  found  in  contact  witli  trap 
rocks;  appearances  so  well  known  that  it  is  unneces- 
sary to  name  any  examples  except  that  in  Salisbury 
Craig  near  Edinburgh,  and  that  described  by  myself 
at  Stirling  castle;  (Gcol.  Trans.) 

It  is  well  known  that  the  masses  of  trap  incumbent 
on  the  upper  strata,  arc  often  so  entirely  removed  as 
to  leave  no  traces  of  their  existence ;  iind  near  Dunbar, 
there  are  numerous  detached  portions  of  these  rocks, 
which  have  probably  been  once  connected  into  aconti- 
nunus  mass.  It  is  not  therefore  unreasonable  to  suppose 
that  such  a  mass  may  have  once  covered  the  portion 
of  this  sandstone  which  baa  undergone  that  change 
to  jasper  which,  in  other  cases,  these  are  known  to 
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produce.  The  following  facts  seem  to  prove  that 
the  columnar  structure  was  the  consequcucc  of  tlie 
same  action. 

Iti  Riuii,  the  columnar  sandstone  actually  lies 
beneath  a  mass  of  trap  ;  so  that  the  fact  of  tlicfir 
simultaneous  presence,  at  least,  is  proved.  This, 
it  is  true,  is  as  yet  a  solitary  instimce ;  but  here, 
fortunately,  direct  experiment  comes  in  aid  of  the 
supposition  that  the  action  of  heat  has  produced  the 
columnar  stmctnre  of  sandstone.  The  sandstones 
used  for  the  hearths  of  iron-furnaces,  after  long  ex- 
posure to  the  beat  of  these,  become  divided  into 
polygonal  prisms,  exactly  resembling  those  of  the 
natural  prismatic  sandstones,  on  a  small  scale.  In 
this  case,  there  Is  no  shrinking,  as  in  dried  clay,  to 
account  for  the  appearance ;  the  sides  remaining'  in 
perfect  contact,  just  as  they  arc  found  to  do  in  the 
columnar  titips.  The  same  circumstance  occurs  in 
those  sandstones  which  are  heated  for  tl»e  purpose  of 
making  roads  in  Derbyshire.  Here  therefore  it  is 
directly  proved,  that  heat  is  capable  of  inducing  the 
prismatic  structure  in  a  solid  sandstone ;  and,  that 
this  is  not  the  devclopenient  of  an  original  concre^ 
tionary  structure,  is  proved  by  the  fact,  that  hi  the 
hearthstones  which  have  undergone  this  change,  the 
arrangements  of  the  prisms  is  always  vertical  to  the 
plane  of  the  stone ;  a  remarkable  analogy  to  their 
mode  of  arrangement  in  the  trap  rocks. 

Ignorant  as   we  are  of  the  nature  of  the  concre- 
tionary structure,  it  is  still  certain  that  it  bears  a  kind 
of  analogy  to  crystallization  ;  and  experiment  proves 
that  this  arrangement,  if  it  be  not  rather  a  conc#&- 
itionaryone,  may  take  place  in  rocks,    without   floi- 
fdity.     It  is  also  remarked  in  the  chapter  on   ciirva- 
itares,  that  a  curved  structure  is  sometimes  developed 


in  rocks  by  heat.  The  present  discossion  may 
perhaps  render  it  doubtful  whether  thi^  U  not  rather 
the  generation  of  a  concretionary  structure.  It  is 
impossible  to  pursue  this  argument  further,  for  want 
of  a  greater  store  of  facts.  It  must  he  left  to  iiiakti 
that  impression  which  is  all  that  an  impcrfectcd 
train  of  reasoning  is  entitled  to  expect.  Yet,  iti  trr- 
minating  these,  observations,  it  is  right  to  remark, 
that  the  decided  union  of  the  concentric  arrangement 
with  the  prismatic  form  in  the  sandstone  of  Dunbar, 
renders  it  probable  that  thia  arrangement  exists  also 
in  the  prisms  of  trap  i  invisible,  from  want  of  con- 
trasts of  colour  or  texture,  and  developed  only  on 
wasting. 

It  remains  to  inquire  whether  this  fact  may  not  be 
analogically  extended  to  account  for  the  columnar 
form  of  the  trap  rocks.  Different  causes  have  been 
assigned  for  this  by  geologists.  It  has  been  supposed 
to  resnJt  from  the  division  of  a  mass  of  a  soft  and 
moist  material,  bv  drying  and  consequent  shrinking; 
and  it  has  been  attributed  to  crystaUization,  from  a 
state  of  igneous  6uidity,  or  from  solution  in  water. 
It  is  useless  to  examine  that  theory  which  conceives 
that  it  arose  from  the  contact  of  fluid  trap  with  water. 
That  would  scarcely  explain  its  nature,  even  were 
this  a  fact  proved;  which,  as  I  have  nlready  re- 
marked, it  is  not. 

Tliere  is  no  resemblance  between  the  prisms  of 
H  trap  and  those  formed  by  the  shrinking  of  clay  ;  the 
^H    essential  difference  lies  in  the  absolnte  contact  of  the 

■  former ;  and  tliat  objection  is  insnrmoun table.     To 

■  call  tlie  arrangement  of  a  basaltic  prism  crystidlization, 
I  is,  on  the  other  hand,  entirely  to  lose  sight  of  the 
I  tme  nature  of  this  mode  of  arriingement,  which  con- 
t       sisis  in  the  production  of  de6nitc  geoiuctricol  figures 
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by  the  repeated  addition  of  particles  of  a  detinitc 
form,  whether  these  be  simple  atoms  or  compounded 
chemical  molecules.  In  the  prisms  of  trap,  the  laws 
of  geometry  and  chemistry  are  ecjually  violated;  and 
the  objection  applies  ctjually  to  both  modes  of  cry- 
stallization, whether  from  solution  or  fusion. 

On  the  other  hand  it  appears,  that  sandstones  ex- 
posed to  heat  do  assume  the  prismatic  form,  while  it 
is  certain  that  the  trap  rocks  must  have  often  re- 
tained their  heat  long  after  they  had  lost  tbcir  flui- 
dity. It  is  unnecessary  to  draw  out  the  argument 
further.  The  prismatic  form  might  have  occurred 
even  after  the  rock  was  consolidated:  if  any  additional 
facility  is  gained  by  the  supposition,  this  chan^  may 
<  be  conceived  to  have  gradually  taken  place  while  a 
state  of  tenacity  still  permitted  a  certain  degree  of 
motion  among  the  parts. 

A  small  and  irregular  prismatic  disposition  is  some- 
times found  in  the  pitchstoncs,  as  well  as  among  the 
Straps;  and  it  can  scarcely  be  considered  as  more 
han  a  mudiBcation  of  the  laminar  form  into  which 
^it  passes.  In  certain  argillaceous  ironstones  and 
jaspers,  there  has  also  been  observed  a  prismatic  ar- 
rangement on  a  small  scale  ;  which  is  further  often 
singularly  marked  by  protuberant  joints,  or  by  small 
stripes  or  channels  parallel  to  the  prisms.  A  similar 
disposition  exists  in  that  substance,  called  madreporitc 
limestone,  from  its  resemblance  to  an  organic  stnic- 
ture.  Respecting  these,  there  is  nothing  further 
known,  from  which  uu  explanation  of  the  causes  of 
these  arrangements  can  he  derived. 

There  is  yet  one  inodifiraticni  of  the  prismatic 
structure  remaining,  which  requires  notice  ;  on  ac- 
couut  of  the  misapprehensions  which  have  been 
entertained  respecting  its  eimse,  and  from    its  misap- 
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plicatioii  toward  the  support  of  the  views  of  certain 
speculating    geologists.        This    relates  to  the    iron 
stones  known  hj  the  name  of  septaria,  which  consist 
of  spheroids,  generally  uniform   on  the  outside^  but 
divided  within  into  polygotial  figures,   of  which  the 
intervals  are  filled  by  calcareous  spar.     It  was  sup- 
posed, that  these  stones  had  experienced  the  influence 
of  fire,  and  that,  in  the  act  of  consolidation,  the  cal- 
careous matter  had  been  separated    from  the  cuni- 
pound  mass ;    it  having  been  conceived  impossible 
that  it  could  have  entered  from   without.     But  the 
solution  of  this  difficulty  is  exceedingly  simple;    and 
the  occurrence  is  an  obvious  instance  of  the   shrink- 
ing of  a  mass  of  moist  earth.     In  some  of  the  acp- 
taria,  the  external  surface  is  not  solid,  but  the  prisms 
reach  it;  and,    in  these  cases,    the  ease  with  which 
carbonat    of   lime  might  have  entered  into  the  in- 
tervals is  evident.     Where  the  surface,    ou  the  con- 
trary, is  unbroken,  it  is  no  less  easy  to  understand 
how,  during  the  drying  of  such  a  nodule  of  clay, 
that  part  would  first  consolidate  ;    while  the  interior 
wonld  necessarily  shrink  and  split,  from  the  dissipa- 
tion of  the  water  through  a  substance  unquestionably 
capable  of  permitting  its  transudation.       7^hc  sub- 
sequent   infiltration  of    linie  Into  the  cavities  !thus 
formed,  is  not  only  easy  to  apprehend,   but  is  a  fact 
of  daily  occurrence  in  rocks  of  a  far  more  compact 
nature,  namely  in   the  traps ;    the  atnygdaloidal  ca- 
vities of  which  are  filled  in  the  same  manner.      The 
[resemblance  of  this  process  to  that  which  takes  place 
Jn  the  ammonites  containing  calcareous  spar,  is  abuo*^ 
dantly  obvious. 

you.  I,  w 
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Of  t/i€  Spheroidal  Struchtre. 

The  spheroidal  structure  is  found  under  different 
modiBcations;  some  of  which  arc   among  the  most 
inexplicable  phenoiuena  of  this  nature  which  geology 
presents.    Tlie  explanation  of  those  which  approach 
in  their  nature  to  crystallizatiouj   is  not  so  difficnlt'; 
and  these  examples  serve,  in  some  measure,   to  con-] 
nect  two  processes,  otherwise  very  different  in  thetir 
natures.     The  large  spheroidal  structure  of  granite,| 
ah-eady  mentioned,  cannot  with  propriety  be  ranked] 
with  this  ;  nor  that  which  ocnirs  in  Trap,    in  Rnm,j 

and  elsewhere.  

lu  the  secondary  sandstones  of  Egg  hnd'W 
places,  there  are  found  large  spheroids  imbedded  iftij 
the  ordinary  strata.  These  are  distinguished  by 
greater  hardness  of  texture  than  the  snrronndinj 
rock,  whence  they  are  easily  separated  as  it  wastes 
away,  Tlieir  own  texture  is  also  unequal  between 
the  centre  and  circumference ;  and  it  not  unfrequently 
happens  that  the  superficies  is  cracked  into  polygons. 
How  far  the  influence  of  Trap  may  have  tended  to 
the  production  of  these,  must  be  conjectured  from 
the  circumstances  respecting  the  prismatic  structures 
of  sandstone  formerly  stated,  and  from  the  fact  that 
tjiese  spheroidal  sandstones  also  occur  in  the  vicinity 
of  trap.  I  may  here  add,  that  concretions  of  large 
size  have  lately  been  brought  from  the  new  discowred 
laud  of  South  Shetland,  consisting  of  the  halves  of 
very  flattened  spheroids  ;  as  if  such  figures  had  been 
cut  through  according  to  their  etjuatorial  diameters 
by  a  sharp  tool. 

In  the  ai^llaceous  limestoue,    as  well  as  in  the  ac- 
companying sandstones  of  Sky,  liighly  flattened  sphe- 
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i-oids  of  large  dimensions  arc  found  attached  in  pairs 
by  a  rylindriral  stem,  and  imbedded  in  tlie  surround* 
ing  rock ;  from  which  they  are  easily  separated  after 
its  destmctiou,  on  account  of  their  superior  harduess. 
They  bear  no  resemblance  to  oi^nic  tbrms;  and 
ahhougb  they  have  also  been  observed  in  other  parts 
of  Europe,  and  iu  other  Liniestonea^  no  explanation 
of  their  ori^iu  has  been  suggested.  These  also  occur 
in  the  vicinity  of  trap  rocks,  in  my  own  experience  at 
least. 

The  smaller  kinds  of  spheroidal  structure  are  more 
numerous,  and  present  ^'cater  variety.  In  the  sili- 
ceous schist  of  the  Sbiant  isles  aad  Si'alpa,  it  is  aa< 
certainod  by  decomposition,  that  the  internal  structure 
consists  of  small  aggrrgate«l  spheroids;  tlie  intervals 
of  which,  being  of  a  different  nature,  become  con- 
verted into  clay  ou  exposure,  leaving  a  botryoidal  anr- 
lace.  Iu  the  £rcsh  rock,  this  cannot  be  suspected. 
The  softer  shales  of  the  former  islands  arc  also  fre- 
quently found  to  consist  of  an  aggregation  of  sphe- 
rules not  larger  than  mustanl  seed.  In  these  cases 
alsO)  trap  is  present;  and  it  is  easily  proved  that  the 
rocks  iu  c|Utistiou  were  once  the  ordiuai'v  shales  of 
thcco&I  strata,  which,  in  undergoing  iuduraliou,  have 
al&o  experienced  this  change  of  structure.  Where 
some  of  the  claystones  of  Arran  are  invaded  by  trap 
veins,  they  assume,  in  some  places,  an  imperfect 
spheroidal  teiidcncy ;  uhicb  grddually  becomes  more 
perfect  where  they  api>roximate  to  the  trap;  while 
their  subs&mce,  at  the  same  time,  is  converted  into 
an  anomalouB  atone  resembling  those  cherts  which 
have  lieen  sometimes  called  homstone.  An  inequality 
of  the  internal  texture  is  here  idso  ascertained,  by 
the  l)Otryoidiil  surface  whicli  these  Jissuinc  on  exposure 
to  the  sea. 

N    2 
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It  is  now  iinpoitant  to  remark,  that  these  last- 
named  spherules,  wherever  the  fonns  are  most  perfect, 
present  a  concretionary  structure  passing  into  one 
which  is  decidedly  crystalline.  Brilliant  fibres  ra- 
diate from  the  centre,  and  are  repeated  at  intervals 
so  as  to  form  successive  conceutric  crusts  of  the  same 
nature;  or  else  these  crystalline  spheres  arc  surround- 
ed with  cnists  in  which  no  fibrous  structure  can  be 
traced.  There  is  thus  a  transition  from  the  most 
perfect  crystalline  to  the  most  imperfect  concretionary 
[spherule. 

In  attempting  to  explain  these  appearances,  it  is 
linteresting  and  important  to  obsenc  how  these  sphe- 
froidal  crystallized  forms  coincide  with  those  which 
occur  in  melted   glass  under  certain  circumstances, 
^and  how  accurately  they  resemble  the  analogous  ap- 
,pearance8  produced  in   Mr.  Watt's  well   known  ex- 
fperiraents,  where  the  arrangement  was  produced  after 
the  fused  trap  had  lost  its  fluidity.     Thus  it  is  equally 
easy  to  comprehend  how  a  solid  mass  of  any  of  the 
above  named  rocks,  softened,  if  it  is  necessary  to  sup- 
pose so,  without  fusion,  or  otherwise  under  the  long 
continued  influence  of  heat,  might  have  assumed  a 
similar  species  of  structure.     As  also,  in  one  of  these 
cases,  there  is  a  gradual  progress  from  the  most  per- 
fect crystalline  to  the  most  imperfect  concretionary 
[arrangement,  there   can  be  no  reason  to  doubt,  that 
I  in  every  case,  the  latter  may  also  be  produced  by  the 
I  same  causes.     It  should  here  lastly  be  added,  in  con- 
firmation of  this  theory,  that  a  spheroidal  structure 
^of  a  similar  nature  exists  in  the  Trap  of  the  Shiant 
Ules.     Those  of  the  granite,  the  porphyry,  and  the 
greenstone,  as  it  is  called,  of  Corsica,  will  naturally 
occur  to  every  geologist. 

A  spheroidal  structure,  terminating  also,  by  was^ing^ 
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into  botryoidal  forms,  has  beca  observed  in  certain 
1iitiestoDe»,  as  in  that  uf  Sunderland.  A  similar  ar- 
rangement is  occasionally  found  in  the  sandstones ; 
and  sometimes,  in  the  red  varieties,  it  is  indicated  by 
the  presence  of  white  fipheroidal  spots,  or  portions. 
Of  these,  no  explanation  liaN  been  suggested,  and  I 
have  none  to  offer. 

The  spheroidal  structure  of  the  oolithe  limestones 
of  England,  appears  to  be  merely  an  aggregation  of 
ronnded  grains,  and  requires  no  notice.  That  of  the 
pisolithes,  which  t:onsists  of  cniataccous  agglutinated 
spherules,  is  probably  the  rcsnit  of  a  deposition  from 
water;  the  exact  nature  of  which  is  not  very  apparent. 
I  shall  here  forbear  any  remarks  on  the  spheroidal 
structure  of  pearlstone,  as  it  will  be  noticed  in  its 
proper  place  hereafter.     (Chap,  xl.) 


Of  the  venous,  cat'emouSy  ^brous  and  scaly 
Strticttires. 

In  many  rocks,  it  may  be  observed,  that  where  the 
surfaces  have  been  exposed  to  the  weather,  they 
present  a  reticulated  appearance,  as  if  from  the  in- 
tersection of  veins,  of  a  nature  harder  than  the  general 
mass  of  the  rock.  (>n  breaking  such  rocks  however, 
no  corresponding  apjiearancea  arc  found  in  the  in- 
terior; the  whole  laasa  presenting  an  uniform  texture 
and  colour.  'JTiis  peculiarity  is  very  frequent  in 
granite;  but  it  occurs  also  in  gneiss,  in  micaceous 
schist,  and  in  the  sandstones.  It  has  been  conceived 
to  arise  from  some  original  structure,  but  is,  at  best, 
a  very  obscure  circumstance.  It  deserves  notice, 
perhaps  principally,  l>ecause  it  has  been  used  as  an 
argument  to  prove  (hat  all  veins  are  of  similar  origin,, 
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Of,  in  oth^r  wordu,  that,  iu  tbc  ordinary  acceptation 
of  th«  term,  uo  such  thing  as  a  vein  exists.  The 
analogy  is  clearly  one  of  those  superficial  rcscini) lances 
calculated  to  operate  only  on  minds  of  a  similar  struc- 
ture; while,  if  thert;  \n  any  one  fact  in  geology  that 
IB  beyoud  the  regions  of  dispute,  it  is  that  of  the 
posteriority  of  veins  to  the  substances  which  they 
traverse. 

A  cavernous  structure,  sometimes  rendered  visible 
in  saiKhtones  by  decomposition,  may  almost  be  con- 
sidered as  a  variety  of  this;  since  the  separation  of 
the  cells  may  be  considered  as  formed  by  such  durable 
intersecting  lamina?.  The  apjicmrunees  which  attend 
suiue  of  these  cavernoos  and  reticulating  structures, 
are  often  very  aingnkr;  but  as  they  are  discovered 
only  by  decomposition,  they  arc  more  particularly 
noticed  in  the  chapter  on  that  subject.  (Chap,  xiii.) 
Tliat  they  depend  on  some  internal  arrangement  pro- 
duced subseqnently  to  the  deposition  of  the  strata, 
can  admit  of  no  doubt;  bnt,  respecting  the  natnre  of 
this,  we  mtist  as  yet  confess  our  ignorance. 

The  fibrous  strneture  is  the  last  which  can  striirtly 
bo  enumerated  among  the  concretionary  modifications; 
and  it  seems  to  unite  them  with  those  \rbich  arc  pro- 
perly of  a  crystalline  nature.     It  is  knouTi  to  occur  in 
the  carbonates  of  lime,  as  in  the  satin  spar  and  in  the 
liiue^toues  of  E>^.     In  the  former,  it  is  more  deci- 
dedly crystalline  than  in  the  latter,  resembling  the 
corresponding  arrangement  so  frequent  in  gypsum. 
It  i«  also  not  very  uncommon   in    the   argitliiceons 
schifits;  in  which,  as  these  are  not  susceptible  of  the 
orjUiiiline  arraligement,  it  must  necessarily  he  referred 
to  the  concretionary  structure.     Ae  to  other  fibrous 
arrangements  seen  in  rocks,  including  tliat  which  has 
been  called  bladed,  they  are  purely  crystalline;  their 
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pecnliar  aspect   being  produced   by  the   lengthened 
forms  and  parallel  arraiigemeiits  of  the  crystals. 

Of  the  scaly  striiuturc,  it  is  aul]kici)t  to  say  that  it 
is  one  of  those  which,  when  it  occurs  iu  rocks  of  a 
crystalline  character,  must  be  conMdcrcd  as  among  the 
first  ia  the  order  of  crystalline  arrangements.  As  a 
couBc<|ueuoe  of  the  mechanical  deposition  of  Hat  par- 
ticles or  sculea,  it  reqtiires  no  notice  in  this  place. 


<y  the  porphyrifk.,  gramtUir,  and  amygdafoidal 
Sfmctttres. 

^Tht  structure  called  porphyritic  ia  purely  crystol- 
liue,  and  h  that  which  confers  the  peculiar  character 
ou  the  porphyries.  It  is  by  no  means  however  de- 
ficient  in  interest;  as  it  is  known  only  in  tboHC  rocks 
which,  from  many  circumstances,  are  proved  to  derive 
their  origin  from  fusion.  When  indeed  vre  consider, 
that  in  this  case,  a  single  crystal  of  a  perfect  form  is 
surrounded  by  an  tmerystallized  mass,  it  offers  iu 
itself  a  proof  of  the  species  of  (laidity  under  which  the 
whole  must  have  been  consolidated.  No  imagination 
can  assign  an  expedient  for  prodiu;iag  this  effect  from 
M  watery  solntion;  while  the  existence  of  the  porphy- 
>titic  structure  iu  volcanic  rocks,  affbrds  every  proof  of 
the  nature  of  its  origin  which  can  be  desired. 

The  grauuliir  structures  which  belong  to  the  sand- 
stones and  conglomerates,  being  purely  mechanical, 
need  not  be  noticed  ;  but  that  of  granite  and  the  ana- 
logous rocks,  being  of  a  crystalline  nature,  is  here 
deserving  of  regard.  It  has  been  maintriined  that  this 
structure  has  been  the  produce  of  watery  solution,  by 
those  who  still  chuse  to  consider  granite  of  aqueous 
origiu.  The  argument,  as  far  as  its  texture  or  sti'uc- 
Idre  is  concerned,  belongs  properly  to  this  place. 


4 


Granting  the  greatest  facilities  to  the  precec 
supposition,  by  aduiittiiig  the  solutioo,  in  water,  uf 
earths,  noted  for  the  extremely  limited  degree  in  which 
they  possess  this  property,  and  gi*anting,  still  further, 
that  they  were  able,  under  these  circum stances,  to 
enter  into  all  the  mnltlfanotis  combinations  which  arc 
to  proiluce  quartz,  felspar,  mica,  hornblende,  and 
many  other  uiinerals,  it  remains  to  invent  a  new  pro- 
cess in  the  chemistry  of  crystallization,  by  which  all 
these  combinations  should  have  been  in  an  instant 
deposited  together  in  a  solid  mass.  If  a  successive 
deposition  of  the  different  minerals  be  conceived,  it  is 
impossible  to  explain  the  mntnal  interference  which 
takes  place  among  them,  and  which  characterizes  the 
cryetallinc  granular  structure.  The  imagination  that 
would  produce  such  an  effect  from  such  canses,  must 
not  be  allowed  to  flit  about  vague  generalities,  but  ii 
bound  to  contemplate  steadily  every  minute  circum- 
stance implied  in  snch  a  process. 

But  nature  and  art  both  arc  ready  to  prove  that 
this  effect  takes  place  without  difficulty  from  fusion. 
The  glasses  of  our  furnaces  separate  into  various 
mineral  compounds  on  cooling.  The  same  results 
[■take  place  from  the  cooling  of  frised  basalts,  where 
the  previous  combinations  have  all  been  dissolved  by 
one  general  fluidity.  In  the  trap  rocks,  the  granitic 
stracture  is  common ;  and  these,  it  is  granted,  are  the 
products  of  fusion.  The  la-vas  of  volcanoes,  if  it 
could  be  necessary  to  insist  on  facts  so  well  known, 
are  in  a  state  of  Uquid  fnsion,  in  which  every  integrant 
earth  is  left  free  to  enter  into  such  combinations  as 
the  infinite  complication  of  afHnities  may  dire^ct.  If 
these  aie  cooled  suddenly,  they  are  ariTsted  lieforc 
they  can  enter  into  new  compounds,  and  an  uniform 
rock,  or  sometimes  a  glass,  is  the  result.     If}  on  the 
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roiitrary,  sufficient  tiiuc  be  granted,  the  consequence 
is  the  jfencration  of  numerous  minerals,  producing, 
not  only  the  granitic  structure,  but  the  porpbyritic 
eikoi  It  is  not  necessary  here  to  arg^ne  the  quention 
of  graphic  gninito,  which  was  origiually  brought  for- 
ward to  prove  the  same  conchision;  since  (ho  basis 
of  the  reasoning  is  the  same,  and  tlie  nature  of  that 
strncture  is  particularly  described  under  the  head  of 
granite.  (Chap,  xxiv.) 

Tlic  last  structure  to  be  uoticed  is  the  uniygdaloidal, 
and  it  is  convenient  to  examine  it  here,  that  the  whole 
of  the  subject  of  structure,  as  far  as  it  fomis  an  object 
of  geological  theory,  should  be  seen  in  one  condensed 
Ticw.  If  the  explanation  of  its  cause  here  given  be 
admitted,  it  will  however  be  seen  that  it  lias  no  proper 
title  to  rank  among  the  modifications  of  the  concre- 
tionary structure. 

This  structure  is  limited  to  the  trap  family  and  to 
the  volcanic  rocks.  It  is  universally  admitted,  that 
the  cells  of  volcanic  scoria  have  been  produced  by 
neriform  matters  disengaged  during  the  process  of 
fusion.  Similar  cells  are  found  in  the  trap  rocks,  as 
I  have  elsewhere  shown;  (Chap,  xxxix.)  and  these 
rocks  have  also  been  produced  in  the  same  mauner. 

Now  the  cells  whicli,  in  citlicr  of  these  cluiiscs  of 
rock,  contain  the  amygdaloidal  mioends,  differ  iu  no 
respect  in  form  and  disposition  from  those  which  are 
empty;  and  if  their  internal  surfaces  be  examined,  it 
will  be  found  that  they  are  often  coated  with  a  similar 
ritreons  varnish.  These  cavities  are  not  always  filled 
with  the  minerals  which  they  contain;  but  present 
vacuities,  in  which  the  crystalline  terminations  of  the 
minerals  are  often  defined.  In  the  next  place,  two 
minerals,  or  even  more,  arc  sometimes  found  in  one 
cavity;   in   some  cases  interfering  willi  each    other's 


A^ 


\m 


ON'  THE  -CONCRETIONARY    AKD 


forms.  Lastly,  aiiuilHT  cavities  occur  ia  the  aame 
rocks,  scHUOtiinei)  of  coniiidcmbic  size,  yet  connected 
by  a  gradation  of  magnitude  with  the  smaller  cells. 
'i'hc»e  Kcein  to  be  the  circumstances  most  essential  to 
the  ai^ument  under  review. 

Partly  perhaps  fioni  the  existence  of  amygdaloidal 
nodulcH  in  volcanic  rocks,  and  partly  from  a  supimsed 
u«cessity  for  thiukin^  that  every  mineral  cuutaiued  in 
a  trap  rock  must  necessarily  be,  like  its  base,  of 
igneous  origin,  it  has  been  ai^cd  by  those  who  spe- 
cnlated  more  tlwn  they  obsen'cd,  and  reasoned  ill  from 
vbat  they  saw,  that  these  minerals  also  were  the  pro- 
duce of  fusion,  and  that  they  Imd  been  secreted 
during:  the  cooling  of  the  ruck,  so  as  to  form  the 
cavities  which  they  occupy.  1  need  not  state  the 
various  minute  details,  sometimcB  neither  very  intel- 
ligible nor  very  rec|uisitc.  by  which  this  opinion  was 
supported.  The  igneous  theory  of  trap  would  be 
feeble  indeed,  had  it  no  firmer  foundation  than  this  to 
rest  on ;  while  the  notion  of  such  a  chemical  secretion 
is,  to  say  the  least  of  it,  inconsistent  with  all  our  che- 
mical experience. 

It  is  quite  intelligible,  that  crystals  of  any  mineral 
should  be  formed  in  a  Ouid  mass  of  the  earths,  as  they 
are  in  porphyries  and  in  many  volcanic  products, 
during'  the  very  process  of  consolidation  ;  but  it  is  not 
to  be  explained  hour  they  should  in  this  manner  form 
rounded  nodules ;  still  less,  how  the  cavities  which 
include  them  sboiUd  ever  be  partially  empty,  or 
present  the  peculiar  surface  already  described.  The 
vacant  spaci-s  must  have  contaiucd  an  clastic  fluid ; 
and  when  wc  6nd  tliat  these  vacancies  are  similar  in 
their  forms  and  surfaces  to  tlie  cavities  which  are 
entirely  hlled.  and  to  those  which  are  utterly  empty,  it 
is  H  fair  conclnsion  that  liie  whole,  alike,  owe  their 


origin  to  inflation.  Jt  is  then  into  previous  cavities 
that  the  uuucriUs  of  the  amyg^daloldn  have  been  de- 
posited; aud  it  only  roinuins  to  inquire  whether  this 
lias  heon  cft'ectcd  dunng  the  ig^neons  condition  of  the 
rock,  OT  from  posterior  infiltrations  of  a  watery  solu- 
tion of  earths.  It  most  not  here  be  objected,  that  the 
larger  cavities  could  not  have  been  produced  by  infla- 
tion ;  for  it  in  in  those,  more  particularly,  that  the 
proofs  of  watery  infiltration  arc  most  satisfactory. 

I  have  shown,  in  the  accoant  of  the  Western 
islands  and  elsewhere,  that  Btatactltes  of  chalcedony 
were  ohen  found  to  depend  from  the  upper  parts  of 
sach  cavities,  partly  filling  the  vacuity.  In  other 
:s,  the  stalactite  is  fouitd  to  correspond  with  an 
'inferior  stalagmite ;  offering  a  case  precisely  resem- 
bling that  which  occurs  in  the  ordinary  calcareous 
fitftinctitcs  of  caverns.  Lastly,  the  superior  dependent 
stalactite  is  more  or  less  perfectly  imbedded  in  a 
laminar  chalcedony,  rising*  from  the  bottom  of  the 
cavity  which  it  is  at  last  destined  to  fill,  and  thus  to 
form  a  solid  nodule.  If  any  appearances  can  prove  a 
watery  infiltration  of  siliceous  matter,  these  are  of  that 
Dimire.  In  other  instances,  the  siliceous  s^a^actite  is 
involved  in  calcareous  spar,  which,  as  iu  the  former 
case,  cither  leaves  an  empty  space  or  fills  the  whole ; 
forming  a  compound  amygdaloidal  nodule.  Here,  it 
is  evident  that  the  calcareous  spar  is  posterior  to  the 
stalactite;  and  thus  also  a  watery  infiltration  of  two 
minerals  into  one  cavity  is  proved. 

It  is  easy  to  extend  this  reasoning  to  the  ordinary 
case  of  the  concentric  agate  nodules,  wliich  may  or 
may  not  contain  calcareous  spar.  In  these  cases,  the 
siliceous  matter  ha»  been  deposited  by  a  more  gradual 
1  infiltration  over  the  whole  of  the  surface  of  the  air- 
Icle;  producing  the  concentric  appearance  of  the 
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i-ouls,  in  cut iseq lien ce  of  the  successive  deposition  of  a. 
material  diflfering;  ia  texture  or  colour.  If  the  a^te 
contaiuii  a  central  portion  of  calcareous  spar,  it  is 
obviously  only  a  variation  of  the  former  case.  It  is 
thus  also  easy  to  explain,  why  the  agate  soractiines 
contains  an  interior  covering  of  siliceous  crystals, 
from  clianges  tliat  have  taken  place  in  the  quality  of 
the  solution;  these  presenting  their  usual  geometric 
forms,  or  cUe  being  confused,  accordingly  as  the 
cavity  is  filled  or  not. 

It  cannot  be  olyected  that  siliceous  earth  is  insoluble 
in  water;  because  its  solubility  ia  proved  by  numerous 
facts,  and  by  none  more  decidedly  tban  the  existence 
of  vegetable  remains  in  chalcedony.  And  that  the 
solid  substances  in  qttestion  can  transmit  water,  a 
certain;  since  it  exists  in  rocks,  and  finds  a  passage 
through  many  umch  more  sohd  than  the  amygdaloidal 
bases,  as  is  proved  by  the  daily  formation  of  calca- 
reous stalactites.  I  have  also  proved,  that  tlic  agates 
are  suOiciently  porous  to  transmit  oil,  and  also  sul- 
phurit;  acid ;  that  property  I>eiiig  the  basis  of  the 
process  used  for  staining  tliem  black.     There  is  there- 

\fore  no  difhculty  iu  understanding,  how  the  rocks 
should  admit  the  mineral  solutions  into  their  cavities, 
and  bow  the  first  crust  of  agate  should  permit  the 
deposition,  not  only  of  successive  ones  of  the  same 
uuture,  but,  from  changes  in  the  nature  of  the  solution, 

|<of  calcareous  spar  also. 

One  source  for  the  amygdaloidal  nodules  is  thus 
established,  but  it  does  not  foUow  that  this  is  the  sole 
Mie.     The  minerals  which  these  cavities  contain  are 

L.Dumerous  and  various,  and   we  have  no  proof  that 

[liome  of  them  can  be  formed  by  aqueous  deposition ; 

.while  it  is  certain  that  they  tire  sometimes  produced 
irom  fusion,  aft  they  aie  found  coustiiuting  imbedded 
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parts  of  the  volcanic  rocks.     I   have  sliown    (Creol. 

I  Trans.)  that  silica  c<an  be  sublimed  by  heat;  and  the 

■flame  fact  has  been  affirmed  to  occur  iu  the  volcanic 
products  of  Ve8U\ius,  by  observers  wbuse  testimony 
cannot  be  questioned.  It  is  possible  that  c<unpouiid 
inineraU  maybe  subject  to  the  aarae  laws;  and  it  is 
also  perfectly  iateUigible,  how  in  n  fluid  or  tenacious 
rock  containing  the  cavities  produced  by  inflation, 
those  minerals  which  have  sometimes  crystallised  in 

ithc  general  mass,  should  have  also  protruded  them- 
selves into  the  cavities. 

There  are  probably,  or  possibly,  therefore,  two 
origins  to  be  assigiied  to  the  amygdaloidal  nodules, 
both   of  the  trap  rocks  and  the  volcanic  products  ( 

.however  tlie  mode  of  explaining  tlie  igneous  method 
may  here  differ  from  that  which  has  been  adopted  by 
those  who  were  more  anxious  to  believe  than  able  to 
explain.  Admitting  them  both,  the  qncstion  respect- 
ing the  igiieons  origin  of  the  amygdaloidal  bases  of 
the  trap  rocks,  rests  precisely  on  tlie  same  foundation 
as  before  ;  as  the  essential  circumstance  consists,  not 
iu  the  presence  of  the  nodule,  but  in  the  formation  of 
the  cavity  which  contains  it. 

Of  the  Nature  of  the  voncretionai-^y  Sti-ucture, 

It  remains  to  sec  if  any  light  can  be  thrown  on  the 

jencral  nature  of  this  mysterious   process.     That  it 

lifers    essentially   from    crystallization,    was   already 

loticed.     It  is  not  concerned,  either  in  the  disposition 

if  original  and  similar  molecules,  or  in  arranging  tliein 

Fiuto  geometric  forms.     Yet  its  phenomena  bespeak  a 

tendency  in  the  particles,   or  finer  fragments  consti- 

rtnting  stones,  to  arrange  themselves  by  a  predominant 

ittraction,    into    certain    forms    rather  than  others ; 

towcvcr    irregular,    or    uninfluenced   by  geometrical 
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rules,  thcdc  may  be.  A  simple  and  otn'ions  in^^tance 
of  thJK  tendency  may  be  seen  in  the  disposition  asisumed 
by  6ne  powders  or  aaud  under  water,  where  these  are 
free  to  n»ovc.  That  it  exists  in  bodies  fluid  from 
fubion,  is  proved  by  the  apiJcarances  that  occnr  in  the 
slow  cooling  of  liquid  basalts  artificially  fused.  Loatly, 
that  it  may  happen  in  solid  bodies,  is  proved  by  the 
pheuouieiia  whieh  take  place  in  heated  sandstones,  in 
trap  after  it  has  ceased  to  be  fluid,  and  in  solid  ^Uss  ; 
which  undergt)es  a  change  of  internal  crystallization 
from  changes  of  teinperaturcj  and  even  effloresces,  as 
in  the  achromatic  object-glasses  of  telescopes.  In  a 
series  of  experiments  instituted  for  the  same  purpose, 
J  have  also  proved  that  every  metal  can  completely 
change  its  crystalline  arrangements  while  solid,  and 
many  of  them  at  very  low  temperatures.  In  fact  the 
power  of  motion  in  tlic  pajticlea  of  solid  bodies,  U 
proved  by  their  changes  of  dimension  on  alterations  of 
temperature ;  and  it  is  not  therefore  extraordinary,  that 
in  those  which  have  the  properties  of  crystallizing,  a 
tendency  to  their  peculiar  crystalline  forms  should 
occur.  It  is  also  not  surprising  if,  being  tlms  in  motion, 
they  should  assume  other  and  less  regular  fonns^  wt  they 
do  from  the  fluid  state. 

We  have  no  right  to  assnme  that  the  parts  of  snch 
matter  may  not  have  the  power,  by  mutual  attraction, 
of  a&suming  forma  which  are  not  geometrical,  cveu 
thongh  they  .should  he  heterogeneous  and  shapelci«; 
knowing  nothing  of  the  nature  and  laws  of  that  force 
by  which  similar  and  dehnite  molecules  aftciit  geo- 
metrical forms.  The  limit  l>etweett  crystalline  and 
mechanical  attraction  may  be  luidefined,  and  so  may 
the  resulting  forms.  Thus  the  concretionary  structure 
may  bear  a  real  analogy  to  crystallization,  or  it  raay 
even  be  supposed  a  n»odification  of  that  process.   We 
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know  tliat  it  exists  ;  we  arc  ignorant  alike  of  the  laws 
of  both.  But  that  they  have  a  real  connexion,  is 
proved  by  the  phenomena  above  recited  resiieeting 
the  smaller  spheroidal  structures.  In  these,  it  is  abso- 
lutely impossible  to  define  the  point  at  which  the  one 
cea^iea  and  the  other  counuencrea.  The  radiated  cry- 
stalline spherule  passes  into  one  consisting  of  solid 
unradiated  concentric  crnsts  ;  and  that  again,  in  a 
manner  equally  gradual,  into  a  solid  sphere  without 
any  internal  structure. 

I  know  not,  that  at  present,  any  farther  light  can 
be  thrown  on  this  obscure  subject.  As  fiir  as  relates 
to  the  magnitude  of  some  of  the  masses  considered  as 
concretionary,  there  is  no  cause  for  objections.  We 
can  even  see  no  reason  why  nature  might  not  have 
produced  a  crystal  of  raonntainons  bulk,  provided  the 
requisite  circumstances  were  present.  TTie  polar  ten- 
dency of  crystallization  is  often  prolonged  through 
various  obstacles,  as  is  daily  seen  in  minerals  :  it  may 
be  protracted  indefinitely  along  the  atoms  of  a  com- 
pound mass,  a»  is  evinced  by  the  granite  vein  in 
Coll  elsewhere  described  ;  (Western  Islands.)  The 
tendency  to  form  certain  concretions  may  ef|ually  be 
unlimited ;  and  thns  it  needs  excite  no  surprise,  if 
even  the  granitic  lamina?  of  the  Alps,  which  have 
been  supposed  the  products  of  an  extensive  bat  dis- 
turbed stratification,  have  been  produced  by  a  con- 
cretionary arrangement  analogous  to  crystallizHtioii. 


CHAP.  XU. 

'         On  the   Origin,   Materials;    Compitsitinn,  and 
Analogies f  of  Rocks, 

If  it  is  the  first  error  of  the  observer  to  see,  like 
the  miner,  but  a  very  limited  Duiiibcr  uf  roeks  in  the 
system  of  nature,  it  is  uot  luug  before  he  falLs  into 
one  the  very  reverse;  creating  for  himself  permanent 
distinctions  from  every  incidcDtid  variety  whieh  conies 
nnder  bis  notice.  Time,  however,  s|>eedily  corrects 
this  error,  and  leaches  him,  timt  however  the  aspects 
of  rocks  may  be  luuitipbed,  Nature  has  limited  these 
[productions  by  a  very  conAned  set  of  general  and 
constant  characters. 


Of  the  Constiittents  of  Rocks. 

A  small  number  only  of  the  Earths  which  Che- 
mistry 1ms  discovered,  forms  the  materials  of  all  the 
rocks;  united,  in  some  eases,  with  alkidies  and   with 
ccrtaiu  metallic  oxydes.     In   some,   a  single  earth  is 
found;  in  others,  two  or  more  exist;  and  these  are 
either  mechanically  mixed,  or  united  by  the  laws  of 
chemical    affinity.      Thns    are    formed   those    rocks 
whieh  are  considered  simple;  simplicity,  as  applied 
to  rocks,  meaning  simplicity  of  aspect.     Limestone 
presents  an  example  of  a  rock,  in  every  respect  sim- 
ple; while  basalts  and  clay  slates,  thoug-h  simple  as 
rocks,  arc  chemical  compouuds  or  mechanical  mix- 
tures. 


Besides  these  distiuctions,  the  earths  arc  sunietimett 
Ibriiicd  iittu  separate  minute  bodies,  or  uiinerals, 
which  are  again  united  sci  as  to  constitute  rocks;  and 
these  may  be,  in  themselves,  eitlicr  simple  or  com- 
pound minerals.  Sandstone  oficrs  an  example  of  a 
simple  rock  of  this  kind;  simple  in  its  chemical 
nature,  but  an  aggregate  as  to  its  general  character. 
Hornblende  rock  is  an  example  of  an  analogous 
aggregate,  but  one  in  which  the  integrant  miDeraU 
are  chemical  compounds.  Dnt  there  are  differences 
here,  even  in  the  mode  of  aggregation;  which,  in 
Bome  cases,  reaiUt  from  the  chemical  interference  of 
A  simultaneous  crystallization,  iu  others,  from  the 
mere  mechanical  approximation  of  the  parts,  and 
lastly,  from  the  union  of  those  two  processes.  Gra- 
nular limestone  is  an  example  of  the  first;  and  in- 
stances of  the  last  are  to  be  found  in  different  varieties 
of  sandstone. 

lu  compound  rocks,  different  kinds  of  minerals  are 
visibly  united  into  a  common  mass;  which  thus  pre- 
sents a  sort  of  uniformity  throughout  the  whole,  how- 
ever the  separate  parts  may  differ.  Such  compounds 
may  consist  of  two  or  more  minerals;  and,  within 
certain  limits,  they  seem  to  be  ruled  by  laws  as 
general  as  the  simpler  rocks.  These  compounded 
rocks  vary,  like  the  fonner,  in  being  purely  crystalline, 
or  otherwise;  and  as  granite  presents  a  familiar  ex- 
ample of  the  first,  so  quartz  rock,  and  some  of  the 
compound  argillaceous  schists,  afford  instances  of  the 
Other  two. 

There  is  still  another  description  of  compound 
rocks,  to  which  the  term  conglomerate  has  been 
applied.  In  these,  not  only  different  minerals  are 
united  in  a  mechanical,  a  mixed,  or  a  chemical  manner, 
hut  fragments  of  former  rocks,  either  simple  or  com- 
VOL.   U  O 
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pound,  also  enter  into  their  structure.  Such  frag-  j 
ments  Tary  in  siecj  from  the  most  minute  Ttftibl^ 
particles  tb  others  of  manT  pounds  weight,  or  even 
hundreds;  and  these  rocks  offer,  in  consequence, 
numerous  varieties  which  arc  fully  treated  of  in  the 
author's  Classification  of  Rocks. 

The  earths  which  prodnce  the  minerals  that  form 
the  ordinary  or  essential  ingredients  of  rocks,  are 
silica,  alumina,  lime,  and  magnesia.  If  the  others  are 
occasionally  found,  it  is  rather  in  those  minerals  which 
cannot  be  considered  essential  to  the  constitution  of 
rocks,  bnt  which  are  frequently  imbedded  hi  them. 
To  these  earths  mnst  be  added  iron  in  different  states 
of  oxydatiort,  and,  iroiU  some  observations  which  I 
hftvfe  made,  in  that  of  a  carbonat  also.  Potash  and 
Sodii  are,  lastly,  essential  ingredients  in  some  rocks; 
and  it  remains  to  be  proved  whether  Lithion  may 
not  sometimes  be  present  where  one  or  other  of  these 
has  been  inspected.  As  the  earths^  as  wdl  ad  the 
alkalies,  arc  now  knOi^'n  to  be  oxydes,  and  as  it  is  also 
known  that  silica,  at  least,  acts  the  part  of  an  acid  in 
some  mineral  combinations,  It  is  probable  that  we 
have  timch  yet  to  learn  respecting  the  origin  and  for- 
mation of  many  rocks.:  but  whatever  splendid  pro- 
balities  may  open  on  us  from  this  new  source  of 
knowledge,  we  are  scarcely  yet  able  to  build  any 
rational  conjectures  on  it. 

The  simple  minerals  formed  of  these  substances, 
and  which  constitute  the  essential  ingredients  of  all 
rocks,  arc  quartz,  felspar,  mica,  hornblende,  hyper- 
sthene,  diallage,  augit,  serpentine,  compact  felspar, 
actinolite,  chlorite,  talc,  and  schorl.  Some  of  these 
are,  however,  far  more  abundant  than  others ;  nor  is 
it  easy  to  define  the  limit  between  them,  and  those 
which  may  be  considered   accidental,  or  whicli  are 
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occaaioaally  imbedded  iu  rucks  as  their  natural  rc^ 
poaitorics.  It  i:>sulHcient  to  tjuote  as  examples,  gar- 
net, which  is  somctiiucs  abuudaut  iu  micaceous  schist, 
or  spariuf^ly  dispersed,  or  altogether  absent,  without 
aifecting  its  essential  characters^  and  spodumene  or 
corundnin,  which  may  thuii  exist  in  granite,  ^  j 

If  we  consider  the  great  uumber  uf  minerals  in 
nature,  tbua  generally  distinguished  into  essential  and 
unessential,  or  if  even  we  limit  our  views  to  those 
which  may  be  considered  as  most  essential,  it  is  in- 
teresting to  observe  liow  few  are  the  rocks  which  are 
produced  iVom  them.     If  the  varieties  arc  most  uu- 
^meroQs  in  the  primary  or  older  series,  tliey  are  still 
confined,  and,  within  certain  limits  of  variation,  very 
^constant.  Iu  the  later  rocks,  they  are  still  more  limited. 
When  wc  reflect  on  the  circumstances  under  whicli 
[the  primary  rocks  at  least  have  been  produced^  they 
[sre  confined  to  a  much  less  number  than  would  have 
iheen  anticipated.     As  mostof  the  minerals  of  ordinary 
[occurrence  are  formed,  for  example,  of  the  earths 
twhich  exist  in  granite  and  gneiss,  we  might  have  ex*- 
pected  to  find   garnet,  corundum,  or  audalusite,  la 
.every   mass  of  these;  instead  of  being,  as  they  arc, 
limited  to    a  few  occasiomil    specimens.     Nor    is  it 
always  very  easy  to  account  for  those  distinctions  be- 
tween gneiss,  micaceous  schist,  quartz  rock,  or  other 
isubstanccs,  which  occur  in  the  same  antient  series; 
distinctions  which,  on  the  great  scale,  are  really  steady 
and  definite,  notwithstanding  the  occasional  iuterfu-' 
rences  of  character  that  occur  in  particular  instances, 
iThat  these  have  been  regulated,  however,  partly  by 
[mechanical  and  partly  by  chemical  laws,  is  certain; 
id  though  we  cannot  i)erhap8  explain   every  case,  it 
rilt  iimnediately  be  seen  that  we  are  in  possession  of 
[general  principles   applicable  to  the  »olutii>n  oflUe 


o    2 


196    ON  THE  OHKSIH.    MATERIALS,   COMPOSITIOV, 

qaestiou  at  large.     Original  differences  in  the  mate- 
rials are  the  foundations  of  the  leading  distinctions; 
and  the  remainder  mnst  be  sought  in  chemical  actions. 
Thus  also,  changes  or  alternations  are  the   results  of 
changes  in  the  materials,  com)jined  sometimes   wtth 
variations  of  the  chemical  forces  or  affinities.     Hence 
it  also  is,  that  rocks  preserve  the  same    characters 
wlierever  they  occnr ;    a  circumstance  otlierwisc  cal- 
culated to  excite   our  surprise.     Jn  c^ery  other  de- 
partment of  nature,  her  productions   vary  according 
to  the  climate  and  situation,  but  granite  is  the  same 
in  Egypt  and  in  Greenland.     It  is  with  the  laws  of 
organization  alone  that  climate  interferes. 
'.  As  the  secondary,  or  later,  strata  have  been  chiefly 
formed  fi*om  the  waste  of  these  antlent  and  definite 
rocks,  it  is  less  surprising  that  they  should  preserve  a 
general  constancy  of  character  throughout  the  globe, 
however  individuals  may  vary  in  difTerent  places.    Even 
these  variations  are  still  remarkable;    as  well  from 
their  steadiness,    as  from  the  extent  through   which 
that  uniformity  can  sometimes  be  traced.      The  dif- 
ference between  compact  limestone  and  chalk,  is  no 
less  remarkable  than  the  similarity  which,  in  distant 
places,  occurs  between  strata  which  we  can   scarcely 
conceive  to  have  formed  parts  of  one  deposit.     It  is 
worthy  of  remark  however,  that,    in  the  secondary 
strata,  the  most  conspicuous  variations  occnr  in  the 
limestones  ;  and  these,  it  is  obvious,  have  been  sub- 
ject, in  many  instances,  to  chemical  laws,    as  well  as 
to  the  influence  of  organized  bodies,  from  which  the 
others  have  been  comparatively  exempted.     That  the 
secondary  strata  should  contain  sandstone  and  schists, 
lis  easily  accounted  for,     by  recollecting  that   these 
;inu8t  be   the   result  of  the  destruction  of  the  older 
crocks ;  the  more  durable  mineral  remaining  distinct. 


AND  ANALOGIES,  Or  ROCKS.         197 

-while  the  conipouati  ones  have  been  reduced  to  pow- 
[der.     That  they  alternate,  is  the  consequence,  partly 

of  distinctions  in  the  deposited  materiah,  partly  of 
Lthe  hydrostatic  actions  by  which  substances  unequally 
[gravitating  in  water  arc  separated,     and  partly,    of 

animal  growth  and  reproduction. 

On  the  Consolidaiion  of  Rocks. 

As  almost  all  the  rocks  have  been  formed  out  of 

Jour  sight,  the  mode  io  which   the  earths,    or  simple 

■minerals,  have  become  consolidated  into  these  forms, 

[is  to  us  a  Enattcr  of  inference   from  analogy  ;    not  of 

^observation.        If  discussion  could  have  determined 

this  question,   it  would  have  been  solved  long  since; 

IS  most  of  the  schemes  which  have  been  called  Thto- 

ries  of  the  earth,  have  been  chiefly   engaged  in  this 

)arsuit,    and  as  neither  ailment  nor  assumption  has 

heen  spared  in  attempting  to  establish  the  exclusive 

Tiews  of  many  of  these  theorists.       To  record  the 

terms    under    which    the     different     partizans    have 

thought  fit  to  aiTay  themselves,    would  be  to  foster 

and  perpetuate  an  opposition,     often  arising,    more 

perhaps  from  the  colours  of  the  different  banners  than 

from  the  merits  of  the  cause. 

Fortunately,  all  ro(dcs  have  not  been  formed  in  the 
depths  of  the  earth,  and  fortunately  also,  it  is  in  the 
power  of  art  to  produce  some  of  these  substances 
from  indiscriminate  mixtures  of  their  elements.  It  is 
our  business  to  try  how  far  we  can  extend  analogies 
from  the  visible  to  the  invisible,  from  the  present  to 
the  past.  If  this  process  will  not  carry  as  far,  it  is  at 
least  the  only  rational  uiode  of  investigation  in  our 
power. 

Volcanoes  are  aiiioug  the    most  active    and    im- 
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pressivc  sources  of  those  rocks  which  are  now  daily 
forming  on  the  surface  of  the  globe.     By  the  agency] 
of  their  fires,  the  earths  are  cjecrted  in  a  state  whicli,] 
as  far  as  we  know,   is  merely  that  of  mixture,   and] 
united  in  the  fluidity  of  fusion.     By  repose  during  a] 
process  of  slow  cooling,    various  combinations  takel 
place  in  these  fluid  masses ;    and,    according  to  cir- 
cumstances which  we  are  but  imperfectly  able  to   ap- 
preciate,   there  are  formed  numerous  rocks,    cither., 
apparently  simple,    or  compounded  of  the  differenl 
minerals  that  have  Iwen  formed  by  the  contending 
affinities  of  the  materials.     These  processes  arc  imi- 
tuble  by  art ;    which,  having  first  reduced  the  natural 
compounds  furnished  in   basalt  or  other  rocks,  to  a 
fluid  and  uniform  glass  in  the  laboratory   fires,    dis- 
poses them   so  as  to  cool  during  long  repose  in  a 
gradual  manner.     Thus,  by  the  slow  cooling  of  the 
moBt  compounded   materials  of  the  gUiss-bouse  fur- 
nace, various  imitations  of  rocks  are  formed ;    and 
tlius,   more  precisely,    the  greenstones  of   the  trap 
family  are  destroyed  and  again  regenerated. 

In  examining,  now,  those  rocks  which  have  been 
formed  out  of  our  sight,  we  find  one  family  which 
produces  many  counterparts  to  the  volcanic  rocks, 
namely,  the  family  of  trap.  So  absolute  indeed  is 
the  identity  between  many  members  in  each  set,  that 
no  eye  nor  any  analysis  can  distinguish  them.  To 
attempt  to  prove  this  by  an  enumeration  of  specimens 
in 'each,  would  be  only  to  give  a  list  of  naniej*  that 
would  carry  no  conviction.  But  no  more  convincing 
proof  i">  wanted  than  this ;  that,  to  this  momeut, 
geologists  continue  to  diRpute  about  what  belongs  to 
'the  trap  family  and  what  is  of  volcanic  origin  ;  not 
only  in  countries  remote  from  volcanoes,  or  no  longer 
'containing  the  marks  of  former  activity,  not  only   in 


Al^P    ANALOGIES,    OF    ROCKS. 


m 


the  Vivarais  and  the  Euganean  hilUj  but  at  the  very 
seats  of  living  volcanoes. 

If  therefore  out  of  a  conunon  mass  of  rock,    or 
among  many  different  ones  evidently  formed   under 
the  same  circumstances,    there  are  parts  which  bear 
^  the  marks  of  an  origin  similar  to  that  of  volcanic 
rocks,  ii  is  evident  that  the  whole  must  be  referred 
,  to  the  same   source,    with  certuiu  exceptions  arising 
ifrom  collateral  circumstances  which  will  find  a  better 
[place  in  treating  of  this  family  hereafter.      Thus  ana- 
ilogy,    resemblance,    aud    experiment ,     couBrm   that 
opinion  respecting  the  trap  rocks  which  would  be  in- 
ferred from  the  peculiarities  of  their  chemical    con- 
stitution ;    and  thus    also  they  confirm  the  conclu- 
sions elsewhere,    drawn   from  iheir  peculiar    disposi- 
;tion,  and  from  the  nature  of  their  connexion  with  the 
various  conterminous  rocks  among  which  they   are 
;  found. 

Jt  is  but  a  step  from  the  trap  rocks  to  granite;  and 
lif  the  identity  of  specimens  is  not  always  iso  perfect, 
or  the  resemblance  so  general  and  extensive  between 
these  and  the  volcuuic  rocks,  the  analogical  reasoning 
1^3  quite  as  unexceptionable.     I  have  shown  in  another 
ijjiace,  (Chap,  x.)  that  many  rocks,  forming  integrant 
Lportions  of  a  granite  mass,  are  undistinguishable  from 
.fnany  of  the  traps,  and  that  among  these,  there  arc 
many  that  resemble   the   productions  of  volcanoes. 
Here  then  is  an  identity,  even  between  granites  and 
•volcanic  rocks ;  and,  here  also,  what  is  true  respecting 
the  origin  of  one   part  of  the  mass  must  be  true  re- 
specting the  whole.     If  that  inference  appears  to  be 
drawn  closer  than  the  circumstances  seem  to  warrant, 
we  may  carry  it  through  tlie  intermediate  stage  of 
trap;  and  having  thus  proved  the  identity  of  tl»is  rock 
,  with  the  volcanic  products  on  the  one  hand  and  with 
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granite  on  the  other,  apply  a  common  mathematical 
axiom  to  the  conclusion. 

If  it  be  said  that  volcanoes  do  not  prodnce  perfect 
granite,  it  must  still  be  recollected  that  they  produce 
rompounda  of  an  analogon.s  natnre  in  every  respect. 
Faujas  indeed  had  said  that  lavas  never  contained 
quartz,  but  Breislak  has  produced  numerous  instances 
of  this  ;  while  Doloraien  mentions  (|uartz,  felspar,  and 
mica,  a3  forming  the  white  lavas  of  Ischia,  and  de- 
scribes some  of  them  as  being  "  almost  granitic."  It 
was  also  shown  that  the  trap  rocks  often  assumed  the 
characters  of  perfect  granite ;  so  that,  hy  this  inter- 
mediate step,  tho  several  products  which  are  most 
distant  are  again  associated.  Even  admitting  that  the 
volcanic  rocks  stood  exclusively  at  one  extremity  of  a 
scale  of  chemical  compounds,  and  the  granites  at  the 
other,  the  trap  rocks,  containing  examples  of  both, 
form  the  common  link  hy  which  they  are  nnited. 
This  view  of  the  chemical  origin  of  granite  is  con- 
firmed by  the  same  set  of  appearances  which  confirm 
it  in  the  case  of  the  trap  family,  and  which  are  fully 
described  in  other  parts  of  this  work. 

It  is  not  difficult  to  assign  probable  reasons  for  the 
differences  in  the  chemical  appearances  of  the  rocks 
in  these  three  distant  productions.  They  have  how- 
ever already  been  sufficiently  pointed  ont;  and  it  was 
shown  that  they  probably  consisted,  in  a  great  nica- 
snre,  in  differences  of  the  time  through  which  the 
fused  materials  had  cooled:  circumstances  confirmed 
by  a  great  number  of  collateral  appearances  iUready 
mentioned;  thongh  in  many  cases,  there  can  l»e  no 
doubt  that  great  differences  have  resulted  from  the 
different  proportions  of  the  several  earths  in  the  fused 
compounds. 

It  is  unnecessary  to  repeat,  that  the  production  of 
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granite  from  solution  in  water,  is  incompiitible,  equally, 
witli  its  mineral  and  geological  charactere  and  with 
the  laws  of  chcinistry;  hccanse  negative  arguments 
can  have  no  weight  with  those  who  form,  what  are 
popularly  called  opinions,  without  evidence,  or  against 
it*  To  the  insolubility  of  the  earths,  and  to  the  ini- 
pnssibilit)*  of  thus  prodncing  a  simnltnneoiis  and  con- 
fused crystallization,  it  ia  unnecessary  to  add  that  of 
the  abstraction  of  the  solvent.  Those  who  have  re- 
torted on  the  theory  of  consolidation  from  igneous 
Auidity,  that  (juartz  is  not  fusible,  have  only  shown 
that  ordinary  ignorance  of  chemistry  which  has  at- 
tended most  of  these  disputes;  by  not  knowing  that 
the  earths  separate  from  the  general  mass,  to  form 
jninerals,  according  to  the  laws  of  chemical  affinity. 

Thus,  from  chemical  analogies,  there  is  assigned  to 
all  the  unstratificd  rocks,  that  origin  which  was  already 
deduced  from  various  other  considerations :  and  thus 
there  is  proved  to  exist  a  division  of  rocks  formed 
exclusively  by  the  agency  of  heat.  It  will  now  l>e 
convenient  to  begin  the  remainder  of  this  examination 
at  the  other  extreme. 

Where  water  holding  carbonat  of  lime  in  solntion 
is  gradually  evaporated,  there  are  formed  calcareous 
contTetions  which  often  attain  a  great  size  through 
age,  and  which,  under  peculiar  circumstances  of  cry- 
stallization, arc  Komctimes  not  very  different  in  aspect 
from  certain  limestone  rocks.  Under  different  cir- 
cumstances, similar  waters  deposit  their  contents,  so 
as  to  form  rocks  of  great  depth  and  extent,  producing 
real  calcareous  strata.  The  Travertino  of  Italy  ap- 
pears lo  be  one  of  the  most  perfect  examples  of  this 
nature.  These  simple  and  rcct'nt  calcareous  rock* 
become  compounds,  in  cases  where  the  calcareous 
solution  has  entangled  fragmeuls  of  shells,  as  it  doca 
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in  the  West  lutlian  islands  at  this  day,  or  whore  it  bas 
united  frugtnentit  of  discordant  naturesj  as  it  does  on 

^i\ie  shores  of  Messina  and  on  many  of  our  own  aea 
aoasts.  Thus  calcareous  rocks,  both  simple  and  com- 
>ound,  arc  fortned  by  water.  Lastly,  rocks  of  this 
iiature  are  now  daily  produced  in  many  parts  of  the 

i^eat  ocean,   by  the  efforts  of  marine  animals;    the 
;serted  coralline  structure  being  cemented,  partly  by 

'the  actions  of  the  animals  themselves,  and  partly  by 
that  of  the  sea  on  the  calcareous  earth.  In  tbe  same 
manner,  antieot  submarine  piers,  as  at  Cartilage,  !«- 

_xome  cemented  through  lapse  of  time,  into  masses  of 
solid  rock,  by  the  inter\'ention  of  shell  fish  and  the 

iBolntion    of  ihcir  calcareous   matter.     In  this  way, 

^calearcou^    rocks    are    formed,    partly   by  chemical 

iPgency,  and  jmrtly  by  that  of  submiirinc  animals. 
Wbcre  iron  becomes  converted  from  the  metallic 
oxydulons  state  to  that  of  rust,  it  becomes  the 
ceuieut  of  uU  the  smaller  ipateriuls  within  its  reach; 
and  thus  sandstone  is  often  formed  on  sea  shores,  in 
pand  and  gravel  beds,  and,  very  probably,  to  a  consi- 

[dcrable  extent,  in  the  noted  ferruginous  sand  stratum 

fof  Snglaud. 

Thus  two  modes  of  producing  rocks  by  the  agency 

Ipf  water  are  demonstrated.     It  remains   to   luquire 

L^wbat  probability  there  is  that  the  same  ugeutcan  con- 

►vcrt  silica  to  that  end ;  as  we  cannot  produce  any  in- 
stances so  perfect  of  its  absolute  action  in  that  way. 

Ti>c  solubility  of  silica  in  water  cannot  be  a  matter 
>f  dispute,  however  diHicuU  it  may  be  to  effect  its 

L9olution  in  our  laboratories.  In  the  chapter  on  the 
formation  of  veins,  I  have  produced  nearly  all  the  in- 
itanccs  of  this  nature  that  are  required  for  the  present 
mrjiose ;  but  I  may  here  add  to  these,  ilfi  actual  so- 
lution in  the  hot  waters  of  Iceland  and  Italy,  and  the 
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consequent  production  of  siliceous  tutas  and  stalac- 
tites. To  convert  this  property  to  the  preseut  pur- 
pose, it  is  not  reqnisite  that  the  solution  be  verv  ex- 
tensive, or  very  rapid.  If  we  conceive  this  agent 
operating  for  a  long  series  of  yeiu's  in  a  mass  of  loose 
saad  or  of  cUy,  it  is  not  difficult  to  «ee  that  the  6nal 
result  must  be,  in  the  first  instance,  the  formation  of 
a  sandstone,  and,  iu  the  otlicr,  probably,  that  of  a 
schist.  Tliat  this  is  the  fact  in  nature,  is  almost  de- 
monstrable from  the  frequent  partial  occurrence  of 
sandstones  iu  l>eds  of  loose  sand,  and  from  the  mixed 
chemical  and  mechanical  texture  of  almost  all  the 
solid  saudstones  iu  nature.  Tliis  effect,  it  is  true, 
has  been  attributed  by  certain  philosophers  to  the 
action  of  heat.  But  to  adduce  as  au  agent,  that 
which  cannot  he  shown  capable  of  producing  a  given 
effect,  while  we  are  in  possession  of  one  that  has  the 
desired  power,  is  to  abandon  sound  reasouing  for  the 
sake  of  maintaining  a  species  of  fictitious  miatogy, 
iwhich,  after  all,  is  not  necessary  for  the  support  of 
that  theory  by  which  it  was  so  anxiously  defended. 

Thus  there  have  been  demonstrated  two  distinct 
sets  of  causes  for  the  formation  of  rocks;  tlie  first 
chiefly  applicable  to  the  unstratificd  substances,  and 
the  last  to  the  formation  or  consolidation  of  strata. 

It  has  been  objected  to  the  possibility  of  aqueous 
consolidation,  by  those  who  have  laboured  much 
mote  to  dictate  a  system  of  geology  than  to  deduce 
one,  that  a  liquid  solvent  could  not  exclude  itself 
Irom  the  pores  of  the  rock  after  depositing  the  conso- 
lidating uialtcr ;  that  it  should  therefore  reuiaiu 
within  the  stone,  or  else  leave  the  body  pervious  to 
water;  "  neither  of  which  is"  said  to  be  "  the  fact." 
On  the  contrary,  both  of  these  are  facts.  That  which 
was  asserted  not  lo  exist,  by  those  who  did  not  know 
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what  did  exist,  and  reasoned  as  indifferently  when 
they  knew  it,  is  true.  The  presence  of  water  in 
stones  is  so  universal  that  I  have  never  yet  seen  any 
rock  in  which  it  was  not  found,  when  that  could  be 
procured  quickly  from  a  sufhcient  depth.  It  is  con- 
tained even  in  ^anite  and  in  the  trap  rocks ;  and  the 
great  change  of  colour  and  hardness  which  many  of 
tlie  latter  undergo  after  being  formed  into  specimens, 
is  owing  to  its  evaporation.  Thus,  specimens  of  au- 
git  rock,  which  have  the  waxy,  soft  look  and  green 
colour  of  serpentine,  when  fresh  broken,  become 
black  in  a  few  days.  It  was  mentioned  when  treating 
of  tlic  dexibitity  of  rocks,  that  small  granite  veins 
were  sometimes  found  perfectly  soft  in  the  quarry  ; 
and  these  harden  in  a  few  days,  apparently  by  the 
evaporation  of  their  water  and  the  consequent  preci- 
pitation of  silica,  or  else  by  the  nearer  approximation 
of  their  parts.  In  Sky,  as  I  formerly  mentioned,  I 
have  found  masses  of  granular  quartz,  or  sandstone, 
which  could  be  moulded  by  the  hand  when  first  taken 
from  the  earth,  but  which,  in  the  same  manner,  be- 
came solid  in  A  few  days.  In  all  these  cases,  the  loss 
of  weight  proves  the  presence  of  water,  as  it  docs  the 
porosity  of  the  stones.  Even  the  common  quartz  of 
veins  contains  water  under  the  same  circumstances; 
losing  both  weight  and  transparency  on  drying,  as  I 
have  proved.  The  porosity  of  stones,  as  well  as  the 
presence  of  water,  are,  thus,  both  demonstrated  by 
the  same  facts.  But  the  former  property  ought 
never  to  have  admitted  a  doubt;  since  the  compact- 
ness of  flint  and  agate  are  apparently  far  greater  than 
tliat  of  any  rock,  compound  or  simple,  and  since 
these,  give  passage  to  water,  to  oil,  and  to  sulphnric 
acid,  a>i  I  have  shown  in  an  essay  on  tliis  subject. 
That  the  water  in  stones  is  actually  saturated   with 


AMD    ANALOGIES,    OF    KOCKS. 


3U5 


earths,  and  probably  with  silica  or  liiuc,  uppeura  to 
be  also  proved  by  certain  appcaruncrs  which  take 
place  uu  brcukiug  and  drying  some  of  thene.  In 
ntarbltis  raised  very  wet  from  the  quarry,  a  whitiiih 
dusty  surface  soon  follows,  from  the  deposition  of 
the  carbonat  of  lime ;  and  a  simihir  deposition  of 
silica  will  account  for  that  grey  tarnish  wliich  is  pro- 
duced on  pitchstoues  within  a  very  few  hours  after 
the  specimens  are  broken  from  the  rock ;  during 
which  process  of  drying  they  also  become  far  more 
compact,  or  less  tender.  Thus  the  objection  in  ques- 
tion falls  to  the  ground  ;  were  it  even  necessary  that 
the  process  of  consolidation  should  be  rcserve<l  for 
that  time  at  which  the  whole  stratum  was  completed. 
It  is  quite  easy,  on  the  coutrur,  to  conceive  that  it 
baa,  in  many  cases,  proceeded  gradually^  even  during 
the  deposition,  us  it  actually  does  in  the  case  of  tra- 
vertino.  It  is  a  very  lax  chcn>ical  view  of  such  a 
process,  to  imagine  the  necessity  of  a  solvent  entering 
to  deposit  its  contents,    and  .then  "  excluding"  itself. 

Of  the  diffei-ent  Rod's,  and  the  diodes  of  their 
Cotisoliduiion. 

Now,  though  a  large  portion  of  the  strata  of  the 
globe  may  have  been  brought  into  that  form  by  this 
last  process,  or  by  aqncous  solution,  and  that  a  con- 
siderable portion,  at  least,  of  the  secondary  ones  pro- 
bably owe  their  origin  or  consolidation  to  this  cause, 
there  are  many  strata,  particularly  in  the  primary  or 
older  sci-ies,  to  which  it  is  impossible  to  apply  it  so  as 
to  explain  all  the  appearances  which  they  present. 

There  is  nothing  in  the  character  of  quartz  rock,  as 
far  as  I  have  examined  it,  to  prevent  it  from  having 
l>een  consolidated  to  its  present  condition  from  the 
long-continued  application  of  an  aqueous  solution  of 
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silica.  But  that  it  was  deposited  from  water,  originally, 
in  the  state  of  sand  arid  gravel,  is  rendered  evident 
from  the  rounded  and  foreign  fragments  of  discordant 
rocks  whit-h  it  often  contains.  At  the  same  tiuic> 
there  is  no  reason  to  deny  that  it  may  have  been 
exposed  to  the  action  of  heat,  as  it  is  still  capable  of 
undergoing  that  without  suffering  any  change.  That 
it  was  consolidated  by  heat  we  cannot  prove;  and  are 
scarcely  in  it  condition  to  deny  that  it  may  have  been 
partly  indebted  for  its  constitution  to  that  cause.  We 
art  indeed  almost  certain  that  C|uai'tz  sand  can  he 
converted  into  solid  aud  continuous  quartz  byhe^t; 
since,  as  elsewhere  noticed,  analogous  cfiects  take 
place  in  the  vicinity  of  trap,  and  as,  in  Fife,  a  bed  of 
such  qnartz  is  found  among  the  coal  strata,  in  the 
neighbourhood  of  that  substance,  probably  indicated 
from  the  state  of  an  ordinary  sandstone. 

If  shale  could  be  indurated  from  water  alone,  there 
would  be  no  reason  to  deny  that  the  same  cause  may 
have  operated  in  the  primary  argillaceous  schists  j 
while,  that  they  have  been  deposited  from  water,  is 
proved  by  the  fragments  and  the  shells  which  they  so 
often  contain.  Here  again,  however,  we  are  in  the 
same  condition  as  with  regard  to  quai'tz  rock ;  nnable 
to  prove  that  it  may  not  have  experienced,  in  some 
degree,  the  action  of  heat,  as  we  know,  from  observa- 
tions on  the  siliceous  schists,  that  shells  are  not 
necessarily  obliterated  in  these  circumstances.  But 
that  action,  if  it  existed,  c-aunot  have  been  very  great ; 
as  we  are  certain,  both  from  experiment  and  observa- 
tion, that  it  Is  cither  fused  or  indurated  to  siliceous 
schist  by  this  cause.  The  very  existence  of  that  sub- 
stance in  the  vicinity  of  trap  and  granite,  produced  by 
the  action  of  these  rocks  on  sliale  and  slate,  not  only 
pi-ovc  this  fact,  but  show   the  very  limit  where  the 
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'  action  of  heat  ceases.  Yet  I  must  remark,  that  the 
action  of  heat  on  the  argilluecous  schi^u  may  have 
been  short  of  producing  this  effect,  and  yet  Iiave 
caused  others  analogous  to  those  which  occur  in 
micaceons  schist.  Such  is  the  formation,  within  them, 
of  hollow  spar  or  other  minerals,  which  we  cannot 
attribute  to  any  cause  hut  thi:*. 

Thus,  two  important  members  of  the  primary  strata 
may  have  been  indurated  from  water  alone ;  and  ye^ 
they  appear  also  to  have,  in  some  cases,  been  affected 
by  heat,  perhaps  even  indurated  by  it.  With  respect 
to  limestone,  it  is  now  known,  both  by  direct  cxperi- 
itient  and  by  observation  on  the  effect  produced  by 

,  trap  veins  on  chalk,  that  it  may  be  crystalliRed  from 
Alston,  provided  the  escape  of  the  carbonic  acid  is 
restraiued.  It  has  been  shown  that  it  is  c(|ually 
consolidated  from  water ;  and  on  examining  this  lime- 
stone in  its  various  associations,  its  origin  roust  pro- 
bably, in  some  instances,  be  referred  to  one  of  these 
causes,  in  others,  to  the  other.  It  is  probable,  for 
example,  thut  all  the  limestones  associated  with  clay 
slate  are  derived  from  watery  deposition  und  crystal- 
lieation ;  though  even  these  uiay,  like  the  slate  itself, 
have  been  afti»cted  by  heat ;  but  it  is  much  more  than 
probable  that  those  associated  with  gneiss  have  received 
their  prt»sent  condition  from  the  latter  agent.  This 
opinion  is  justified  by  mauycircumstaDCCS;  such  as  by 
their  giving  passage  to  granite  veins,  by  the  change  of 
chemical  texture  and  composition  which  they  present 
m  these  cases,  and  by  the  crystallization,  within  them, 
of  minerals  similar  to  those  found  in  gneiss,  snch  as 
garnet,  hornblende,  augit,  and  others,  which  could  not 
have  been  deposited  from  water  so  as  to  have  entered 
into  the  confused  crystalline  arrangentent  of  the  rock 
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in  the  manner  which  Uiey  do.  That  limestone  is 
actually  thus  cousolidatcd  after  fiLsioii,  even  in  large 
inassc!),  is  also  proved,  as  far  an  any  thing  relating  to 
the  influcnee  of  trap  is  proved,  by  the  conversion  of 
conchiferons  secondary  strata,  in  those  situations,  into 
crystalline  limestone ;  a  fact  occurring  very  extensively 
and  demonstrably  in  Sky,  and  recorded  in  my  work  on 
the  Western  Islands. 

With  respect  to  Serpentine,  the  whole  question  is 
aa  yet  involved  in  darkness.  It  is  not  known  tbat  it 
can  be  formed  from  water,  and  I  have  proved,  that  as 
it  passes  into  trap,  it  can  be  formed  by  fusion. 

All  the  scaly  schists,  of  which  micaceous  schist 
may  here  represent  the  whole,  present  characters 
which  are  scarcely  explicable  without  admitting  the 
action  of  both  these  agents.  The  stratified  disposition 
and  the  laminar  form,  give  indications  of  a  deposition 
from  water;  nnd  if  any  doubt  of  that  could  remain, 
it  is  removed  by  finding  that,  in  many  places,  it  con- 
tains friignients  of  discordant  rocks,  of  granite,  for 
example,  limestone,  and  quartz  rock.  It  has  further 
been  held,  that  the  parallel  position  of  the  mica  is  iu 
itself  a  sufficient  proof  of  deposition,  because,  it  is 
the  necessary  position,  and  because  the  same  circum- 
stance exists  in  the  micaceous  sandstones,  so  analogous 
to  it,  which  are  actually  deposited  from  water.  But 
this,  if  probable,  is  an  equivocal  circumstance;  as  1 
have  observed  that,  in  hyperstbcne  rock,  a  member 
of  the  trap  family,  and  even  in  some  rare  trap  veins 
tliat  contain  mica,  iu  the  Western  islands,  as  well  as 
in  vojns  of  antient  porphyry,  the  flat  crystals  of  hy- 
perstbcne iu  one  case,  and  the  mica  or  pinite  in  the 
others,  preserve  that  puruUelism  which  must  here  be 
attributed  to  the  polarity  of  crystallization  operating 


extensively;  an  action  which  I  liave  also  elsewhere 
shoxvn  to  have  been  sometimes  exerted  Thronghont 
the  felspar  of  granite  veins. 

But  admitting  now,  as  it  rannot  he  denied,  that 
nii<'aceon!t  »chist  was  deposited,  like  the  secondary 
micneeons  sandstones,  from  water,  and  consolidated 
by  the  same  means,  it  presents  rharactcrs  whirh  can- 
not be  acconntfd  for  by  this  pmi-ess.  If  its  flexibility 
has  not  been  the  consequence  of  heat,  which  I  have 
elsewhere  attempted  to  prove  that  it  has,  the  pecu- 
liarities of  its  crystalline  texture  and  occasional  con- 
tents cannot  be  explained,  without  admitting  that  It 
has  been  exposed  to  a  heat,  sufficiently  intense  and 
sufficiently  durable,  to  permit  these  minerals  to  be 
formed  in  the  same  manner  as  they  are  in  granite 
and  in  the  volcanic  rocks.  The  condition  and  ex- 
istence of  ganict,  hornblende,  tourmaline,  staurotide, 
and  other  minerals,  are  inexplicable  by  any  mode  of 
watery  deposition,  and  still  less  by  any  subsequent 
crystallization  from  water. 

T^his  argument,  which  applies  generally  to  all  the 
Htratified  rocks  that  contain  superfluous  minerals, 
crystallized  within  them,  and  not  rounded  hy  trans- 
portation, is  illustrated  by  what  happens  in  cases 
wliere  strata  have  been  exposed  to  the  action  of  trap 
rocks,  and  iviiere  the  inihience  of  heat  is  more  gene- 
rally adtnitted.  Thus,  at  Poussac,  near  Bagni^res, 
there  are  limestones  which  have  been  affected,  and 
indunited,  or  otherwise  changed,  by  the  contact  of 
basalt;  and  it  is  here  remarkable,  that  while  the  purer 
ones  are  simply  rendered  crystalline,  the  earthy  pro- 
duce made,  actinoUte,  and  trcmolite.  This  is  exactly 
analogons  to  what  happens  where  granite  invades 
priniary  and  earthy  limestones;  and  where  the  partial 
change,  and  similarly  partial  presence  of  such  mineraJa, 
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confirm,  Iwth  this  view,  and  whttt  was  just  said 
rcsperting'  the  primary  calcareous  strata  them- 
selves. 

As  to  diullage  rock,  and  the  more  aniicnt  red  sand- 
Atone,  the  same  processes  of  reasoning  apply  to  them 
as  to  those  rocks  to  which  they  are  analogous ;  but 
hornblende  schist  re(|uires  a  particular  consideration. 
This  is  an  extremely  fusible  compound,  and  its  pe- 
culiar crystalline  texture  proves  that  it  tonld  not  liave 
been  deposited  from  water;  in  which  indeed  its  earths 
are  insoluble,  and  from  which  they  conld  not  havft 
been  precipitated  in  such  a  form.     It  is,  besides,  pre- 
cisely analojcoiis    to   many    greenstones   of  the  trap 
family;  fi-om  which  indeed  it  is  often  so  little  distin- 
guishable,  that  it  has  been  confounded   with   tbeid 
under  the  name  of  primitive  greenstone.     That  it  i«, 
fnrther,  actnally  produced  by  heat,  is  evinced  by  iind-     ^ 
ing  that  the  argillaceous  schists,  when  in  contact  with 
granite,    are    actnally   converted    into    it.      Whether 
simple,  or  compounded  of  hornblende   and  felspai^     i 
the  same  reasoning  applies  to  it.     It  is  nevertheless 
admitted,  tJiat  its  original  materials  have  been  deposited 
from  water,  and  thus  its   laminar  and  stratified  di6-      | 
position  is  explained.     That  it  has,  fnrther,  consisted 
of  clay  or  sehiht,  is  rendered  probable,  not  only  by 
the  numerous  facts  occurring  in  the  trap  rocks,  but      , 
by  that  very  striking  analogy  in  which  beds  of  shale 
beneath  trap  are  actually  converted  into  Lydiau  stone;      I 
a  substance  dift'ering  from    it,    almost   solely  in  the 
compactness  and  uniformity  of  its  texture. 

But  indeed,  as  far  as  a  single  fact  can  prove  such  a 
case,  the  origin  of  hornblende  schist  from  day  slate 
is  completely  established  by  the  occurrence,  in  Shet- 
land, of  a  mass  of  the  latter  substanre  alternating 
with   gneiss   and   approximating   to  granite.     Here, 


tbose  portions  whicb  come  into  coutnct  with  the 
latter,  becoui<;,  first,  siliceous  schists,  und,  ultiutittely, 
horiibloiule  schist;  so  that  the  very  saiiic  bed  which 
is  an  interlamination  uf  gneiKs  and  clay  state  in  one 
part,  is,  in  another,  the  usaal  iilternation  of  gtieibs  aud 
hornhleudo  schist.  >•*•<.!  .l.j    Mi*tj> 

We  thus  lastly  arrive  at  gneiss;  a  rock  which  ofttnx 
bears  ttie  marks  of  igneous  cousuiitliition  in  a  ^itill 
greater  degree  than  those  of  atjueous  deposition,  but 
in  which  it  is  almost  unc|iiestiona1)te  that  both  liave 
been  comliined.  Where  gneiss  is  at  a  distance  from 
granite,  its  laminar  aud  btralilied  dispositiuu  is  most 
perfect;  where  iu  its  vicinity,  tluit  is  most  obscure; 
90  obscure  indeed  as  at  length  to  disappear.  This 
is  prexrisely  what  might  be  expected  to  happen  on 
this  view  of  its  double  origin;  namely,  the  application 
oi  heat  in  unequal  dci^recs,  to  a  scries  of  beds  deposited 
irom  water,  and  probably,  like  i|uurtz  rock,  originally 
consolidated  from  it  also.  Where  it  is  most  remote 
fi-OJii  granite,  although  its  mineral  motevials  should 
be  the  same,  they  are  disposed  in  a  ditterent  manner] 
or  are  more  rigidly  laminar  and  more  independent. 
Where  it  is  most  immediately  in  the  vicinity  of  that 
rock,  and  more  particularly  when  it  abounds  in  gra- 
nite veins,  tlic  structure  becomes  analogous  to  that  of 
granite,  or  to  one  in  whicli  there  is  that  mutual  pcne- 
tratiiHi  of  crystals  which  can  take  place  oidy  in  a  fluid 
of  fusion.  At  length  it  actually  passes  into  the  ron^ 
Ntiguous  granite ;  losing  that  parallelism  of  tlie  parts, 
jttndtliose  lust  remains  ol  the  laminar  disposition,  which 
had  gradually  been  decreasing.  I 

it  is  by  no  mtums  dithcnlt  to  imagine  this  conii>i- 
laiicni  o\'  causes  and  of  ettccts:  a  slate  of  softening 
tr  semifnsion,  siitticifOt  to  allow  the  integrant  jiarts 
of  a  stratilied  watfiry  depo*iit  to  cuter  into  new  eom- 
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biimtions,  uiid  to  recryatallize  without  the  loss  of  the 
original  marks  of  stratiBcation.  These  indeed  are 
often  preserved  in  gneiss,  by  the  alternate  iuterpo3ition 
of  beds  and  laiuinx  of  hornblende,  and  by  that  only ; 
just  as,  in  the  watery  joint  deposit  of  sandstone  and 
shale,  the  latter  substance  is  often  the  only  indication 
of  stratification  that  can  be  procured.  Tliat  such 
recrystallization  can  take  place  in  a  rock  which  is 
healed  to  a  point  short  of  actual  fluidity,  is  proved; 
and  that  strata  can,  in  nature,  lose  all  their  indications 
of  waterj'  deposition,  while  they  preserve  the  stratified 
shape  under  a  new  ininerul  form,  is  evinced  by  the 
existence  of  siliceous  schists  beueatli  trap,  already 
quoted.  A  greater  degree  of  heat  and  a  longer 
continuance  of  it,  are  all  that  are  required  to  produce 
the  differences  in  these  cases;  and  the  fact  of  the  fre- 
quent interposition  of  hornblende  schist  between  beds 
of  gneiss,  is  strongly  confirmatory  of  the  consistency 
and  truth  of  these  views.  Tlius  also  the  transition 
of  gneisFt  into  granite  becomes  a  phenomenon  of  easy 
solution. 


Of  the  general  Causes  of  ConsoUdation. 


I  need  not  here  terminate  this  view  of  the  conso- 
lidation of  these  primary  rocks,  by  any  general 
ini|niries  respecting  the  origin  of  the  heat  or  its 
diSnsion.  Nothing  can  be  said  on  this  subject  that 
has  not  been  said  elsewhere;  and  whatever  difficul- 
ties  may  occur  in  attempting  to  apply  these  prin- 
ciples rigidly  to  every  case  that  may  be  examiucd, 
it  can  only  l>e  said,  that  this  theory  offers  a  general 
and  obvious  solution  of  the  facts;  and  that  if  it 
cannot  be  exactly    fitted  to  meet  every   exigency,  it 
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is  no  more  than  must  happen  in  every  simiUr  caae 
of  a  general  principle,  when  we  are  not  in  possession 
of  all  the  collateral  circumstances  by  ivbich  it  may 
have  been  modified. 

In  thus  deducing  from  the  a^ncies,  both  of  heat 
and  of  watery  solntion,  the  consohdation  of  all  the 
stratified  rocks,  and  in  limiting  these  aix^ordin^  to 
the  various  circumstances  which  liave  been  indicated,  it 
must  be  apparent  that  the  power  granted  to  the  former 
is  comparatively  small,  and  that  it  is  not  here  sup- 
posed to  have  acted  beyond  the  range  of  the  more 
antient  rocks,  probably  not  through  the  whole  of  these. 

That  it  has  operated  in  the  consolidation  of  the 
secondary  strata  at  large,  is  rendered  improbable, 
by  a  variety  of  circumstances  which  I  need  not 
ennmerate,  because  they  have  frequently  been  urged 
against  the  whole  theory. 

But  in  admitting  that  the  great  mass  of  tlie  secon- 
dary strata  has  been  consolidated  by  a  watery  agent 
it  must  be  remembered  that  there  is  a  wide  difference 
between  the  consolidation,  and  the  precipitation  of 
the  same  substances  from  water.  If  every  one  of 
these  rocks  did  not  give  the  most  unquestioDable 
proofs  of  its  having  originated,  cither  in  the  rains  of 
more  antient  rocks  or  in  the  spoils  of  animals,  it 
would  be  a  snfticient  argument  against  precipitation 
from  a  watery  solution,  that  it  involves  every  species 
of  chemical  and  mechanical  impossibility  that  {ton  be 
included  in  a  propositioTi  so  simple.  It  is  unnecessary 
at  present  to  detaiu  the  reader  a  moment  longer  on 
an  hypothesis  tliat  would  create  and  destroy  oceans 
at  its  pleasure,  yet  find  them  ineffectual. 

It  has  indeed  been  suggested,  that  if  the  original 
heat  of  the  globe  was  considerable,  the  water  must 
have  formed  an   atmosphere   producing  a  degree   of 
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pleasure  that  might  have  rendered  many  earths  far 
more  fiohihle  than  we  know  tbem  to  be,  in  what  re- 
□luiiicd  fluid  of  that  water,  thus  heated  to  some  nu- 
known  temperature.  On  a  speculative  opinion  of  this 
nature,  I  need  offer  no  remarks,  in  an  inquiry  which 
rests  on  better  kinds  of  evidence  and  probability. 

No  notice  has  yet  been  taken  of  the  power  of  mere 
pressure,  either  in  actnally  consolidating  rocks  or  in 
assisting  their  corisohdation.  Yet  it  is  an  agent  not 
to  be  ovcrloooked  ;  and  when  we  consider  the  enor- 
mous weight  to  which  the  strata  must  have  been  ftul>- 
jcctcd,  it  is  very  easy  to  conceive  that  its  power  can- 
not always  have  been  inefticient.  I'he  occasional 
compression  and  fracture  of  imbedded  shells,  proves 
that  it  has  sometimes  really  acted ;  and  if  even  the 
most  delicate  of  these  bodies  are  generally  preserved, 
it  only  proves  that  they  ivere  well  supported  by  the 
surrounding  materials,  not  that  they  have  not  been 
subjected  to  great  pressure.  In  onr  own  experiments, 
with  forces  far  inferior,  clay  can  be  compressed  into  a 
substance  as  haid  un  ?(hale ;  and  there  are  many  of 
tlic  schists  not  so  liard  as  the  hctei-ogeneous  mixture 
which  is  forced  into  a  rocket,  though  composed  of 
materials  fntni  which  such  an  effect  could  scarcely  be 
anticipated. 

Of  the  Amthgies^   aitutng  different  Rocks,    tmd  of 
-•    iheir  Rnsemhtances  fn  tmconsollduteil  Strata. 


Having  thus  utlcmptcd  to  assign  probable  causes 
for  the  consolidation  of  the  original  materials  of 
rocks,  it  will  not  he  useless  to  attempt  to  trace  these 
through  their  progress  ;  to  inquire  if  it  is  possible  to 
discover,  in  the  coiuponeni  parts  and  disposition  of 
the  moat  anticut  rocksj  any  resemblance  (o  the  Moose 


AND  ANALOCtEK,  OF  ROCKS.  215 

niattcrs  whicli  are  uuw  daily  deposited  beneath  the 
waters  of  the  preseut  cartb. 

If  we  examine  the  deserted  seat  of  an  inland  lake, 
ve  discover  beds  of  eiinipaet  mad  intermixed  with 
leaves,  or  of  mnd  with  land  shells,  or  of  sand,  or  of 
peat,  or  of  all  these,  in  one  or  more  aeries  of  alter- 
nations. Abstracting  the  (jtiestion  as  it  relates  to 
peat,  we  have  here  an  analogy  to  the  rocks  of  a  coal 
scries.  The  mud  with  its  plants,  or  shells,  represents 
the  did'erent  shales  and  limestones;  and  the  .sandstone 
is  the  counterpart  nf  the  sand  lied.  The  whole  re- 
qnires  consolidation  only,  to  render  it  an  ordinary 
series  of  rocks. 

In  sinking'  through  the  ancient  aestiiaries  of  the 
sea,  long  filled  up  and  converted  into  dry  land,  si- 
milar beds  of  uiud  and  clay,  of  marine  shells  entan- 
gled in  mud,  and  of  sand  and  gravel,  are  founds 
varying  in  number,  in  thickness,  in  tlie  order  of  repe- 
tition, and  in  the  (juality  or  nature  of  the  reniabs, 
in  almost  every  place.  It  is  unnecessary  to  point 
out  more  distinctly  a  similar  analogy  in  these  prepa- 
rations for  a  series  of  secondary  rocks  ;  but  it  ob- 
^ously  requires  only  a  repetition  of  the  same  deposits, 
sufficiently  fretjuent,  to  produce  the  wliole  scries  of 
secondary  strata.  At  what  period  the  act  of  conso- 
lidation may  have  taken  place,  we  have  no  means  of 
knowing ;  yet  as  far  as  our  observations  have  yet 
readied,  wc  have  no  positive  evidence  that  any  ex- 
tensive operations  of  this  nature  are  now  going  on, 
excepting  those  formerly  mentioned.  The  process 
may  possibly  be  too  slow  to  fall  within  the  sphere  of 
our  investigations. 

If  the  more  antient  strata  have  I>een  formed  from 
similar  materials,  they  should  possess  an  analogy  to 
the  secondary  ;    and,    admitting  such  differences  as 
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may  be  orcounteri  for  \ry  the  fircnnwtancw  of  dif- 
iference  in  respect  to  consolidation  to  which  they  hare 
Ibcen  exposed,  we  should  find  amon^  them  a  set  of 
altenmtioDs  anaioguus  to  the  saad!>lone,  shale,  and 
limestone  of  the  latest  scries.  Snch  an  analogy  can 
indeed  be  traced,  nor  is  it  very  imperfect.  It  must 
be  obvious,  that  a  great  p;irt  of  the  differences  that 
do  cxi-st,  is  explained  by  admitting  the  effects  of  heat 
on  them  ;  and  it  niay  be  supposed  that  there  have 
also  been  some  differences  in  the  rocks  from  which 
the  materials  of  these  strata  were  originally  deposited. 
But,  as  to  the  whole  mass,  there  is  still  one  leading 
difference  remaining,  of  great  importance,  and  on 
which  some  light  may  at  least  be  thro^m,  if  it  caimot 
be  ftilly  explained.  It  consists  in  the  very  groat  dis- 
proportion of  limestone  in  the  two  series  ;  that  roek 
being  a))nn(lant  in  the  later,  and  comparatively  rare 
tin  the  earlier  strata. 

The  formation  of  Coral  inlands  proves  that  enor- 
moos  and  solid  masses  uf  calcareous  rock  are  the 
produce  of  animals  alone;  and  when  we  reflect  on  the 
magnitude  of  some  of  these,  we  have  no  re.Tson  to  be 
surprised  at  the  extent  of  those  rocks  which,  among 
(the  sccondaiy  strata,  are  cuuiposed  chiefly  of  shells. 
Were  wc  even  to  suppose  that  every  particle  of  the 
largest  bed  of  limestone  known,  wan  originally  part 
of  the  body  of  a  shell,  we  shoulil,  as  far  as  the  bulk  of 
the  mass  is  cotieerntHl,  assume  nothing  that  would 
not  be  oountenanced  l>y  the  magnitude  of  the  great 
coral  reef  of  New  Holland.  If  the  most  minnte 
animals  of  creation  can  thus,  by  thrir  n umbers,  exe- 
cute, unassisted,  witrks  of  such  ennrmons  magnitude, 
and,  as  navigators  think,  within  spaces  of  time  com- 
paratively limited,  it  is  far  from  unrea.sonable  to  be- 
lieve that  thi:  succession,  through   nniiun)l>cred  ages. 
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oraninmls  so  far  exceeding  these  in  bulk  and  in  the 
relative  quantity  of  their  calcareous  produce,  should 
have  generated  all  the  calcareona  strata  in  the  secon- 
dary series. 

"  It  is  not  necessary  here  to  ask  whence  the  calcarcons 
matter  has  been  derived,  or  to  snpposc  that  it  is  an 
animal  product.  That  dilliculty  is  at  present,  iitiques- 
tionably,  insurmountable ;  but,  in  this  case,  it  is  of  no 
moment.  It  can  form  no  objection  to  the  power  of 
oysters  or  pcctines  in  producing,  by  their  own  energies, 
&  bed  of  limestone;  because  the  fact,  however  inex- 
plicable, is  rendered  unquestionable  by  the  generation 
of  coral  from  sea  water.  Tliat  very  extensive  beds  of 
calcareous  matter  may  be  produced  by  animals,  and 
from  their  remains,  is  also  incontestably  proved  by  the 
oolithe  limestones,  and  by  those  deposits  of  sliell  marl 
5o  often  found  in  fresh  water  lakes.  In  many  such 
cases  in  the  Highlands  of  Scotland,  it  can  easily  he 
demonstrated  that  this  is  their  sole  origin;  because  we 
can  trace  the  conrses  of  the  streams  by  wliich  the 
lakes  have  been  fed,  and  ascertain  that  they  could  not 
have  carried  down  calcareous  matter;  their  origin  and 
progress  lying  among  siliceous  strata. 

h  must  be  admitted  indeed,  that  whatever  calcareons 
beds  tiiay  be  at  this  moment  preparing  at  the  bottom 
of  the  ocean,  the  probable  germs  of  future  strata,  they 
will  be  formed,  like  the  shales  and  sandstones,  from 
the  ruins  of  the  present  calcareons  secondary  rocks; 
and  that  the  operations  of  shell  fish  will  constitute 
only  a  part  of  the  causes  of  their  production.  Nor 
need  it  be  denied  that  such  has  been  the  case  to 
a  certain  degree  in  former  times:  but  that  the  as- 
sistance afforiled  by  the  ruins  of  primary  calcareous 
rocks  has  been  very  trifling,  will  appear  evident  frouj 
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it  uierc  arithmetical  coiiiparisuu  which  can  scarcely      , 
deceive.  ^M 

Every   thing    proves   that    the    present   aecondary^^ 
strata  arc  the   produce  of  more  antieitt  rocks;  and, 
thc&c  must  have   heeo  the   immediate  successors 
those  which   are  uow  the  primary ;  a»  we  hava  ni 
reason  to  imagine  that  there  has  been  a  distinct  series' 
which  hiut  entirely  vaui^ihcd.     I'he  proportioDs  of  thoM 
dift'ereut  materials  in  the  produce,  ought  therefore  tl^V 
bear  a  certun  relation  to  those  in  the  original  repo* 
sitofiee;  or,  if  ttiere  was  u  diftcrcnce,  it  would  be  ex^H 
pected  to  be  in  favonr  of  the  most  yielding  inateriabi^ 
scliist  and  liniestom^.     But  if  we  examine  tht:  quantity 
of  limefitonc  in   the  primary  stratH,  it  will  be  found 
very  small.     What  the  exact  proportion  to  the  other 
rock')  may  be,  throughout  the  world,    is  not  kuowu; 
but,  ill  Britain,  it  certainly  does  not  amount  to  a  ten 
thousandth  part  of  the  whole-     But  among  the  se- 
condary strata  of  England,  the  limestones  bear  a  far 
larger    propciriion  to    the  siliceous   and  argiUaccooaH 
rod<s.     If  we  were  to  assume  only  the  ratio  of  on^^ 
hundredth,  it  would  answer  the  purposes  of  the  pre- 
sent argument;  and  there  is  nothing  unreasonable  in 
referring  the  origin  of  the  British  secondary  strata 
the  British  primary  rocks,  witli  the  necessary  exce| 
tions,  of  course,  as  to  these  calcareous  strata.     Thii 
however  is  a  matter  of  iudifiercuce ;  as  the  general^ 
fact,  taking  the  whole  world,  is  iudisputable-  ^^M 

'rims  it  may  fairly  be  inferred,  that  while  the  sili-" 
ccous  and  argillaceous   secondary  strata   have    Ijeen 
formed  from  tlie  ruias  of  more  an tient  rocks,  alarge  part     ' 
at  lea&t  of  the  calcareous,  js  the  produce  of  animals. 
Hence  also  it  mnst  appear,  that  from  the  operations 
of  animals,  the  qnantity  of  calcareous  earth  Hepositeii 
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in  the  form  of  mwd  or  stone,  is  always  increasing; 
and  that  as  the  secondary  scries  for  exceeds  the  pri- 
mary  in   this  respect,  so  a  third  aeries,   should  one 
hereafter  arise  from  tlie  depths  of  the  sch,  will  exceed 
the  last  in  the  proportion  of  its  calcareous  strata.     It 
will  combine  the  ruins  of  the  last  limestones  with  the 
spoils  of  the  present  animals;  animalsj  of  which  the 
generations  are  aUo  probably  enlarging  and  extending 
in  every  age,  in  a  ratio  proportioned  to  the  increase  of 
those  calcareous,  or  soft  allnvial  and  snbnnirine  de- 
posits which  they  affijct  imd  favour.     Those  who  ex- 
tend the  prophetic  eye  of  philosophy  to  worlds  yet 
unborn,  may  also  thus  anticipate  a  constant  and  steady 
approach  to  that  universal  state  of  fertility  which  is 
now  the  character  and  the  pride  of  our  calcareons  soils. 
If  wc  now  tnrn  our  views  backwards  to  the  primary 
rocks,  wc  find,  in  the  disposition  of  their  limestones, 
a  confirmation  of  this  opinion  respecting  the  import- 
ant agency  of  living  animals  in  the  production  of  cai- 
careons  strata.  It  has  always  been  believed,  or  at  least 
asserted)  by  gf^ologists,  that  no  animal  remains  existed 
among  tlie  primary  rocks;  and  to  avoid  a  breach  in 
this  hypothesis,  among  otlier  reasons,  tiie  tranjtitioH 
clu$s  was  invented.     I  sliall  not  here  discuss  the  truth 
or  the  utility  of  this  invention.     It  is  sutheicnt  to  say, 
that  the  schists  containing  shells  appertain  to  those 
rocks  athuittcd  to  be  not  secondary,  and  that  the  only 
general  revolntion  among  the  strata  which  wc  know, 
is   of  a  later  date  than  these.     So  far  as  the  present 
purpose  is  concerned  therefore,  the  animal  remains  of 
the  schists  arc  primary,  in  as  fur  as  they  are  prior  to 
the  secondary  strata.     Nevertheless,  the  animal  re- 
mains of  the  primary  strata,  admitting  among  them 
those  now  named,  so  as  to  give  the  most  favourable 
colonr   to   the    subject,  bear  a  dis|)ro portion  to  the 
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nhole  of  the  rocks,  not  unlike  that  which  the  lime- 
stone!) do  to  the  siliceous  and  argillaceous  strata.  This 
shnuld  he  expected  from  the  presumed  rarity  of  these 
animals  in  the  autieut  ocean. 

It  has  been  supposed  hy  some  geologists,   that  all 
the  calcareous  strata,  of  whatever  age,  were  the  ex- 
clusive produce  of  animals.     That  possibility  is  coun- 
tenanced  by   the    phenomena   of  the  Coral  islands  ; 
thnngh  the  accessary  causes,   arising  from  the  decom- 
position of  previous  limestones,  must  he  admitted  as 
far  as  regards  the  secondary  strata.      But  the  mere 
existence  of  priinury  limestones  thus  operating  by  their 
destruction   to  assist  in  producing  new  ones,  is  not 
itself  a  proof  that  these  are  original,  and  independent 
|of  animal  sources.     The  existence  of  animal  remains 
!in  primary  schistft  lias  just  been  mentioned;    and  I 
Ibave  elsewhere  described  one  instance  in  which  these 
'Ofx:ur  in  a  calcareous  quartz   rock  situated   beneath 
gueiss.     Thus   far,  they    might  have  contributed  to 
the  production  of  even  the  primary  limestone*;  and  if 
ihey    arc  not  more    frequently   found   among  them, 
causes  for  that  are  not  wanting. 

In  the  6rst  place,  primary  limestones  are,  not  only 
comparatively  rare,  but  geologists  having  adopted  the 
hypothetical  opinion  that  they  ought  not  to  contain 
animal  remains,  make  it  a  rule  invariably  to  rank  such 
instances  among  their  transition  series ;  without 
thinking  it  necessary  to  investigate  the  subject  by  the 
rigid  rules  of  pure  geological  analysis:  by  position, 
and  relation  towards  the  neighbouring  strata.  It  is 
further  obvious,  that  the  primary  rcK-ks  liave  undergone 
great  di>itnrbancc,  and,  in  many  instances,  sertou» 
changes ;  and,  even  among  the  secondary  strata,  in 
such  cases,  the  animal  remains  are  often  obliterated. 
The  fusibility  of  limestone   has  already  been  demon- 
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itratcd  ;  and  it  li»s  already  been  proved,  ihal  many  of 
the  priiuury  strata  tiear  inark.»,  scarcely  tu  Ik*  dis- 
puted, uf  the  action  of  long-continued  heat.  Thus  it 
is  to  be  expected  that  their  organic  remains,  if  they 
ever  existed,  should  have  been  obliterated;  and  if  this 
has  nnt  happened  in  the  case  just  ipioted  of  tihelU 
under  gneiss,  it  may  be  attributed  lo  the  nature  of  the 
bed  in  which  they  lie.  Proofs  of  tlie  truth  of  this 
view  are  found  most  distinctly  detailed  liy  nature  iu 
Sky,  and  in  the  Isle  of  Mann  ;  as  I  long  ugo  indi- 
cated, and  aa  has  been  since  confirmed  on  the  continent 
of  Europe.  Where  the  conehiferous  beds  are  actually 
converted  into  pure  crystalline  limestone  by  the  action 
of  the  incumbent  trap,  that  i.s  undistinguishablc  from 
the  primary  rocks  of  the  8ame  kind,  and  all  the  shells 
have  disappeared;  tvhilc,  in  some  parts  of  the  grada- 
tion between  the  stratified  and  fused  rock,  their 
gradual  loss  of  forui,  and  final  obliteration  may  be 
traced. 

Having  tlins  disposed  of  one  great  branch  of  the 
analogy  between  the  primary  and  secondary  rocks 
it  is  necessary  to  see  what  may  lie  inferred  respecting 
the  remainder. 

The  difference  between  shale  and  slate,  or  between 
the  primar)'  and  secondary  urgilluceuus  schists,  is  often 
90  small  as  to  have  been  a  source  of  error,  even  among 
experienced  geologists.  If,  when  separated  from  their 
connexions,  there  are  specimens,  particularly  among 
the  oldest  of  the  shales,  which  no  cure  nor  practice 
could  distinguish  from  the  prluuiry  schists,  the  re- 
semblance between  the  sandstones  and  (juartz  rock 
is  often  equally  accurate  ;  thongh,  in  a  general  sense, 
the  tatter  is  distinguished  hv  its  superior  compactness 
and  more  predominant  crystalline  texture.  Where 
qnart'/.  rock  contains  mica,  it  may  be  compared  to  the 
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micaceous  sandstones,  Ironi  whicli  tl,  in  fact,  diH'eri 
ouly  in  compactness;  and,  where  felspar  is  an  ingre- 
dient, it  18  obvinnA  that  it  bears  an  analogy  to  th« 
argillaceuus  ones. 

Here  then,  in  primary  limestone,  quartz  rock,  and 
arpllaceous  Kchist,  we  trace  an  analogy,  not  of  a  very 
remote  natnre,  to  the  secondary  strata  ;  sho^nng-  that, 
nitli  certain  variations,  from   causes  not  dlHicnlt  to 
comprehend,   nature  has  repeated  herself  at  eoubider- 
able  intervals  of  time,    and  has  been  guided   by  laws 
of  great  general  simplicity.     It  remains  to  extend  this 
analogy  one  stop  further;   but  the  (liHiciilties  increase, 
as  might  be  expected,  at  each  remove. 
M.In  mieaccons  scbiAt,   we  find  an  analogy  1o  wica- 
c:eou8    sandstone  too  obvious   to   be    disputed ;    and 
whatever  Viirietics  of  composition  it  may  present,  ther 
depend   on   different   proportions    of    the   micaceous 
•ingredient;  the  predominance  of  which,  in  particular 
cases,  may  probalily  l>e  attributed  to  the  nature  of  the 
rocks  from  wliich  its  materials  were  derived,    (Hissibly 
from  the  state  of  heat  to  which,  as  before  remarked,  it 
has  been  exposed.    Its  other  peculiarities  have  already 
been  explained   in  a  similar  way.     Gneisft,  if  we  roiu 
sider  its  materials,  holds  a  parallel  with  a  sandstone 
containing   clay  and    mica;    and  here,   although  the 
analogy  becomes  finally  very  foebic,  there  is  u  chain 
through  the  varieties  of  this  rock  which  connects  it 
with  the  secondary  sandstones  as  perfectly  as   qnartc 
rock  is  thus  traced.     The  cjtnses  for  tlie  evanescence 
of  this  analogy,  have  been  already  shown  to  consist  in 
the  posteriur  influence  of  heat,  causing  it  to  approxi- 
mate to  granite,  and,  finally,  to  gradtiatc  into  it.  It  was 
then  alsii  shoivn,  that  the  action  of  heat   converted 
shale    into  hornblende;    and    thuH,    in  the  IVequent 
ahtTnaiionH   of    gneisH  and     horiiblenite    schist,     we 


liarc  an  exact  counterpart  of  that  alternation  &o  coui- 
mon  between  the  oldest  of  the  secondary  Bundstone* 
and  its  concomitant  shale,  i  need  not  dwell  ioiif^er  on 
thiH  tjuestiou  as  far  as   regards  detail;  bnt  the  whole 
admits   of  one    general    conclusion,  rnnsiderahly   at 
variance  with  the  popular  opinions  of  geolo{;ists  and 
systematic  writers  respecting  the  differences  of  rwks. 
It  has  been  always  said  that  these  differences  were 
inexphcnble,  and  that  we  could  not  account   for  the 
g^at  variety  of  rocks  in  natnre,  still  less  for  that  con- 
stancy which  thcv  retain  under  their  variations,  nor 
for  the  alternations  of  the  different  kinds.   Now  I  have 
shown,  that  as  far  as  their  varieties  are  concerned,  we 
bave,  with  magnesia,  but  three  inateriuU,  lime,  clay,  and 
quartz,  and  that  these,  either  simply,  or  in  combina- 
tions which  are  chiefly  binary  and  between  the  two 
last,  form  the  leading  materials  of  all  the  rocks.     In 
tlie  purely  mechanical,  or  in  the  aqneous  rocks,  the 
variations  could  be  little  more  than  variations  of  pro- 
portion, in  those  formed  of  more  than  one  material ; 
and  since  the  general   law  of  deposition  and  conso- 
lidation  has  been    nearly  uniform,   a   corresponding 
uniformity  of  result  is  a  necessary  consequenre.     In 
the  more  properly  chemical  rocks,  or  in  those  which 
have  parlicipated  in  the  effects  of  heat,  a  simple  law 
alao,  varying  merely  in  intensity,  and   always  acting 
on  the  same  limited  materials,  differing  merely  in  their 
relative  proportions,  has  almost  nece8»;irily  produced 
corresponding  or  analogous  results.     Taking  gnmite 
thus  as  the  extreme  case,  the  effect  of  this  agent  has 
been  to  reconipound  the  two  leading  materials  which 
it  found,  namely  silex,  or  r|uartz,  and  clay,  into  felspar, 
mica,  and  hornblende,  of  which  two.  at  least,  fonn 
also  the  essential  parts  of  the  other  extreme  case,  trap; 
tlie  cause  of  difference  here  also  consisting  in  other  well- 
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known  materials.  In  the  intenncfliale  casrs,  it  has 
produced  gneiss  and  hornblende  schist,  or  niicnreons 
schist ;  differences  similarly  resulting'  Iroin  a  nearly 
coiuuiuii  action  on  materials  diO'erently  apportioned. 
And  further,  us  far  us  tlie  aqueous  or  chemical  rocks 
contain  the  minerals  of  granite,  or  the  original  ma- 
terials not  in  the  simple  forms  of  clay  and  sand,  thry 
are  indel>tcd  for  them  to  that  very  Igneous  source, 
however  eircuitously  uud  remotely.  Tiius  the  laws 
and  the  materials  have  hecn,  thronfjhont,  simple^  and, 
consefjuently,  tlie  constancy  of  these  variations  could 
not  huvG  been  otherwise.  1  have  already  shown  that 
the  rocks  theniselvos  are  all  connected  in  leading  ana- 
logies, or  rcsembluncis,  throughout  the  whole  series, 
and  are,  virtually,  reducible  to  a  few,  instead  of  pre- 
senting that  great  variety  which  is  popularly  imagined. 
Tlie  merely  simple  rocks  require  no  remarks;  as  their 
reBem)>Iance  through  the  whole  scries,  is  such  that 
we  often  cannot  distinguish  them,  except  by  position. 
Now,  with  respect  to  the  difficulties  supposed  to 
consist  in  their  alternation,  I  hiwc  equally  shown  that 
this  has  been  regulated  by  one  leading  law,  and  that 
what  remains  may  be  accounted  for  by  the  operation 
of  another,  etpudly  simple.  Hence  the  results  ought 
to  be  simjde;  and  this  they  actually  are,  when  justly 
viewed.  The  separation  of  clay  and  sand,  in  conse- 
quence of  their  different  powers  of  gravitating  in 
water,  is  the  leading  law;  and  its  modified  effects  are 
the  binary,  but  difti-rcntly  proportioned  mixtnrca 
which  exist.  This  also  applies  to  the  mixtures  of  an- 
tecedent Jiiinerals  found  in  the  strata.  The  case  of 
limcBtone  from  organic  bo<1ies  is  too  obvious  to  re- 
cjuirc  repetition.  The  second  law,  is  the  influence  of 
heat  in  changing  the  characters  of  different  simple 
deposits,  or  of  differently  compounded  ones,  whether 


these  be  rocks  actually  fused,  or  stratn  merely  in- 
fluenced; and  this  also  being  miiforui,  under  gradai 
tious,  the  resulU)  lihould  correspond. 

Such  sabstanccd  as  diallage  rock,  and  serpentine, 
or  rocks  which  arc  essentially  characterized  by  such 
minerals  as  hypersthene  and  augit,  are  the  real  ex- 
ceptions to  this  simplicity,  and  they  are  but  a  few  in 
the  total  system;  wliile,  with  perhaps  no  exception, 
being  the  produce  of  perfect  fusion,  it  is  less  difticult 
to  comprehend  why  they  should  have  formed  this 
breach  in  the  general  simplicity  which  I  have  thus 
attempted  to  establish. 

Although  it  has  here  been  inculcated  that  all  the 
stratified  rocks  which  are  not  the  produce  of  animals, 
have  ultimately  been  derived  from  former  rocks,  and 
probably,  in  a  series  of  succession,  the  limits  of  which 
we  cannot  pretend  to  conjecture,  it  is  still  proper  to 
remark,  that  there  is  a  pro^essive  change  of  character 
as  we  retreat.  The  limestones,  it  has  been  partica- 
larly  shown,  become  more  rare,  but  the  argillaceous 
substances  diminish  also;  so  that,  at  length,  in  arriving 
at  that  antiquity  which,  to  onr  observation,  is  the 
highest,  siliceous  rocks  predominate  in  a  great  degree. 
Tims  a  certain  pliilosopby  might  extend  the  eon- 
cltision  formerly  suggested  with  respect  to  the  in- 
crease of  calcareous  strata,  and  imagine  an  universe 
once  as  incapable  of  maintaining  vegetables,  as  it  has, 
to  all  appearance,  been  limited  in  the  numbers  and 
nature  of  its  animals;  a  desert  of  rucks  and  sand. 
But  this  conclusion  is  not  justified  when  we  take  a 
general  view  of  all  the  phenomena  which  geology 
presents.  That  it  has  been  drawn,  has  arisen,  cither 
from  false  theories  or  partial  views.  If  the  siliceous 
substances  predominate  in  the  more  auticnt  parts  of 
the  series,  it  must  be  remembered  that  these  are  but 
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theremainsof  rocks,  of  which  the  greater  part  has  dis 
appeared  to  form  the  present  secondary  strata ;    norj 
in  the  revolutions  of  ages,  can  we  decide  on  what  has' 
vanished  and  wliat  the  state  of  the  more  anticnt  sur- 
face was.     That  it  fimnslicd  a  vegetable  creation,  a 
to  a  great  extent,  is  evinced  by  the  phenomena 
coa!  strata,  and  by  the  enormo\i8  masses  of  vegetabl 
matter  deposited  through  uncounted  ages,  and  ami 
a  series  of  partial  revolntions  of  which  we  can  scarce! 
form  an  idea. 


Of  the  Fortnafimi  of  conglomerate  HocfC'S. 

Though  it  has  thus  been  shown,  that  with  certai 
rocks  more  or  less  completely  furnished  by  anim 
the  secondary  strata  consist  of  the  ruins  of  more  antient 
ones,  it  is  necessary  here  to  bestow  a  few  paragrap 
On  the  conglomerate  rocks,  since  they  present  som'i 
peculiarities  of  origin  that  r«|uire  notice,  and  sin 
they  offer  tlie  most  perfect  evidence  of  the  mechanic 
nature  of  the  process  by  which  the  strata  have  heen 
prmcipally  formed.     It  is  indeed  by  tracing  the  grada- 
tion from  the  coarsest  conglomeratCj  formed  of  man 
discordant  rocks,  to  the  finer  sandstones,  that  we  b 
come  convinced  of  the  truth  of  this  supposition. 

As  also  it  was  attempted  to  trace  in  nature  t 
analogy  between  the  finer  rocky  strata  and  the  pre- 
sent deposits  of  sand  and  clay  from  water,  so,  in  the 
superficial  or  deep-seated  alluvia  of  a  coarser  nature, 
we  find  the  prototypes  of  the  present  conglomerates  ; 
of  the  consolitlatcd  alln^ia,  whatever  their  origin  and 
position  may  have  been,  of  former  worlds.  Tlie  na- 
tnre  of  the  evidence  which  these  rocks  afford  witli 
respect  to  the  revolntions  of  the  earth's  snrfuce,  will 
b«  considered  in  a  tubseqnent  chapter,    (Chap,  xxi 


bnt  it  is  necessary  tiere  tu  dUtinguisU  bcttvceu  those 
which  arc  of  a  local  and  those  which  are  of  a  tno^ 
general  nature. 

These  rocks  arc  found,  both  in  the  anticnt  and 
recent  series  ;  and,  in  Iwth,  under  circumstances  pre- 
cisely similar,  if  diflering  in  extent.  They  arc  pro- 
perly divisible  into  general  and  local ;  and  it  h  only 
indeed  by  thus  distinguishing  tbcni,  that  wc  caa 
derive  any  advantage,  in  our  reasonings  on  events, 
from  the  evidences  they  afford,  or  avoid  the  confusion 
to  which,  from  incorrect  ohsenatiou,  they  have  fre- 
quently given  rise.  As,  iu  both  the  secondary  and 
primary  series,  similar  accidents  have  occurred,  in 
the  iracture,  displacement,  aud  transference  of  strata, 
it  is  natural  tu  expect  that  the  conglomerates,  here 
called  local,  which  have  resulted  from  these  changes, 
should  be  found  in  both.  With  respect  to  the  general 
ones,  a.H  they  have  been  produced  by  that  gradual 
waste  of  the  sohd  rocks  which  now  forms  our  super- 
ficial alluvia,  it  is  natural  to  exjiecC  that  they  should 
be  found  chiefly,  and  most  extensively,  at  the  great 
inter\'al  which  separates  the  primary  and  secondary 
strata;  and  this  expectation  is  realized  by  the  existence 
of  that  almost  universal  conglomerate,  the  first  portion 
of  that  red  sandstone,  which  is,  itself,  the  lowest  and 
first  of  the  secondary  series. 

If  no  revelation  of  so  general  a  nature  can  else- 
where be  tnicfd,  yet  partial  ones  of  uu  analogous  kind 
are  found,  both  iu  the  primary  and  secoiulary  series; 
and  thus,  in  both,  there  exist  conglomerates  which, 
if  not  miiversal,  arc  still,  in  the  sense  here  laid  dowu, 
entitled  to  tlic  mime  of  general. 

The  mechanical  origin  of  all  these  rocks  is  so  ob- 
vious, that  it  is  unnecessarjMo  dwell  on  it;  while  it 
ifl  also  easy  to  discover  that  the  component  parts  have 
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undergone  greater  or  less  degrees  of  attrition  ;  and,  in 
many  cases,  of  transportation.  It  has  also  been  sliomj 
in  another  place,  that,  with  the  exception  of  the  Tuff 
of  the  overlying  family,  they  consist,  in  most  instances, 
of  different  ingredients;  und,  not  unfrcqucntly,  of  a 
great  number  intermixed. 

Those  which  consist  of  many  different  fragments, 
or  even  of  fragments  of  t(vo  substances,  may  be  con- 
sidered as  general  conglomerates.  They  are,  in  a 
geological  sense,  only  niodi6cations  of  the  different 
recomposed  rocks  with,  which  they  are  found  asso- 
ciated ;  and  thus,  like  these,  they  necessarily  occupy 
extensive  spaces  in  nature.  They  may  thus  be  dis- 
tinguished from  the  local  conglomerates,  by  their 
geological  positions  and  connexions  ;  while  they  may 
also,  in  a  great  measure,  be  recognised  by  their 
mineral  structure ;  chiefly,  indeed,  by  the  attrition, 
whether  greater  or  less,  which  the  parts  have  under- 
gone, and  by  the  variety  of  ingredients  which  they 
contain.  These  remarks  apply  principally  to  those 
conglomerates  which  are  found  among  the  secondary 
strata,  where  different  kinds  or  series  meet,  and, 
above  all,  to  the  old,  or  lowest,  red  sandstone,  of 
which  they  often  form  very  conspicuous  portions. 
Those  which  are  connected  with  the  Overlying  rocks, 
like  the  Tuffs  of  the  same  division,  are  distinguished 
by  such  pecnliarities  of  character  as  to  admit  of  no 
comparison  with  any  others. 

Tiic  local  conglomerates,  on  the  other  hand,  may 
be  distinguished  by  their  much  greater  variety  as  a 
class,  and  by  the  much  more  limited  variety  of  their 
ingredients,  sometimes  consisting  of  only  one,  occa- 
sionally of  two,  but  rarely  exceeding  tha'C.  The 
general  conglomerates  are  also  commonly  composed 
of   materials    agglutinated   without   an    intervening 
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cement;  whereas  most  of  the  local  rocks  of  this 
character  consist  of  one  or  more  sorts  of  fragments 
nuited  by  a  third  cementing  substance,  or  by  a  cement 
composed  of  one  of  the  imbedded  ingredients.  The 
iocal  conglomerates  rarely  occupy  any  considerable 
space,  and  are  often  very  limited ;  while  they  are 
ain-ays  attached  to  some  simple  or  componnd  rock 
with  which,  in  some  parts,  they  arc  intimately  united. 

As  the  general  conglomerates  constitute  a  separate 
and  independent  set  of  strata,  the  local  rarely  form 
more  than  one  bed,  and  are  sometimes  not  even 
found  in  the  shape  of  a  bed  ;  constituting  a  single 
lamina  only,  adhering  to  a  parent  rock,  or  an  irre- 
gular mass,  in  some  otlier  way  connnected  with  it. 
The  general  ones  frequently  contain  rounded  masses, 
but  the  fragments  of  the  local  are  commonly  angular, 
or  little  atfected  by  attrition.  In  many  instances 
they  arc  perfectly  acute  i  while,  occasionally  also, 
when  of  large  size,  they  are  found  to  be  so  little 
moved  from  their  places,  or  separated  from  each 
other,  that  the  imagination  easily  replaces  the  de- 
tached parts. 

These  rocks  have  been  sometimes  distinguished  by 
the  name  of  Breccia,  while  the  others  have  been 
called  pudding  stone ;  but  as  the  term  Breccia  has 
also  been  very  indiscriminately  used,  it  is  not  con- 
venient to  perpetuate  its  application  where  it  isneceft- 
sary  to  be  accurate.  Circumstances  occasionally  vi- 
sible in  the  secondary  strata,  and  more  particularly  in 
the  calcareous,  will  explain  the  origin  of  the  local 
conglomerates. 

The  beds  of  these  are  often  found  covered  on  the 
surface  by  their  own  fragments,  intermixed  with  mi- 
nuter particles  of  the  same,  or  of  clay.      The  ima- 
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ginary  consolidation  of  such  a  mass,    would  forni 
local  conglomerate  ;    and  thus  it  may  be  understood 
why  the  angles  of  the  fragments  are  so  little  rounded, 
and  why  the  separated  parts  are  so  capable  of  bein^^H 
re-adapted.     It  is  easy  to  conceive  also,    that  the  ii^^ 
filtration  of  a  solution  of  lime  would  convert  them 
into  a  solid  rock,    and  that  the  same  effect  mi, 
under  other  circumstances,    take  place  from   carbon 
or  rust  of  iron,    or  from   some  other  of  the  caus 
which  produce  the  consolidation  of  rocks.     The  se 
ral  conditions  thus  hypothetically  stated,    appear 
have  frequently  existed  in    nature ;     and  thus  have 
arisen  tltc  namber  of  local  conglomerates  now  aeen. 

The  fractures  of  the  rock,  and  the  consequent  pro- 
duction of  fragments  on  the  surface,    have  probably, 
in  all  sncli  cases,  originated,  jointly,   from  the  ordi- 
nary causes  of  waste,  and  from  mechanical  violcnc^H 
In  some  instances,  where  the  conglomerates  lie  b^^ 
tween  two  rocks,    they  seem  to  have  resulted  from 
the  motion  of  the  parts  on  each  other,  in  consequence 
of  sodden  and  violent  fractures,    accompanied  by  ^H 
partial  comminution   of  the  materials.     Wliere  on^^ 
rock  alone  has  been  engaged,  a  conglomerate  of  one     i 
ingredient,  united  by  a  general  cement,  is  the  resiik; 
and  this  case  is  frequent    in  the   calcareous    rocks. 
When  the  fractures  have  taken  place  at  the  meeting 
of  two  strata  of  different  rocks,    or  when  two  have 
been  in  any  other  mode  implicated,    the  compoan^ji 
is  more  intricate.     Thus  also  there  are  formed  coi^H 
glomerates  of  limestone  and  serpentine,    or  of  lime-    ' 
stone  and  argillaceous  schist,  or  of  other  substances. 

There  is  yet  one  origin  for  the  local  conglomerate^ 
to  be  staled,  which,  if  somewhat  analogons,  possesj 
a  distinct  interest.     It  may  also  he  added  as  a  super- 
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flnous  proof  wbich  I  did  not  think  necessary  to  ad- 
duce, towards  the  posterior  and  forcible  intrusion  of 
trap  and  granite  into  the  strata.  Such  conglomerates 
are  often  found  at  the  places  where  these  two  latter 
rocks  pass  through,  or  interfere  with,  the  stratified 
ones  ;  and  that  I  may  quote  an  instance  from  foreign 
authors,  and  therefore  free  from  the  chance  of  bias 
OD  my  own  part,  I  shall  refer  to  Canzacoli  near  Pre- 
dazzo,  where  this  appearance  attends  the  junction,  of 
a  mass,  which  is,  at  the  same  time,  granite  and  trap, 
rwith  the  secondary  strata.  In  our  own  island,  the 
icinity  of  Obau  offers  very  extensive  and  obvious 
'examples. 

There  is  little  now  to  be  said  respecting  the  for- 
mation of  the  unstratificd  rocks,  which  docs  not  fol- 
low from  the  views  of  their  origin  formerly  held  out. 
Of  tlicir  materials,  we  can  ouly  know  that  they  arc 
those  which  tu-c  also  found  in  the  stratified  substances, 
and  can  ouly  conjecture,  indiscriuiinately,   that  they 
ibave  been  formed  by  the  fusion  of  some  or  other  of 
these.     Differences  in  the  proportions  of  the  several 
^^artlis  arc  the  only  grounds  of  judgment ;    and  thus 
it  would  be  inferred  that  granite  was  the  produce  of 
gneiss,  micaceous  Hchii>t,  quartz  rock,  and,  ultiiuatcly, 
of  argillaceous    sandstones,     and  that  the  ordinary 
traps   were  the  produce  chiefly  of  the  argillaceous 
substances,  slate  or  shale.     More  parti<nilar  evidences 
in  conGrmatioD  of  tliis  opinion,  will  be  fouud  in  the 
^histories  of  trap  and  granite.      But  that  trap  and  por- 
ihyry  have  actually    been    thus  formed,    is  clearly 
)roved  by  finding  those   rocks  entangling  fragments 
of  schists,  in  which  the  gradual  melting  down  of  the 
rinatcrials  is  distinctly  traced.     The  fact  itself  is  de- 
'tailed  in  its  proper  place. 
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Of  Transiiums  among  Rochs. 

The  last  question  respecting  rocka  that  appears  to 
require  examination,  relates  to  the  transitions,  real 
or  imaginary,  that  take  place  between  different  kinds. 
Being  formed,  as  we  have  seen,  of  so  few  substances, 
and  possessing  so  mi^ny  analogies  among  each  other, 
such  transitions  ought  to  be  expected.  That  they 
exist,  is  no  reason  for  an  hypothesis  which  has  been 
maintained  on  this  subject. 

Because  there  is  a  gradation  of  a  certain  kind 
among  gneiss,  micaceous  schist,  and  quartz  rock,  and 
because  it  is  possible,  by  selecting  particular  speci- 
mens, to  make  that  transition  still  more  extensive,  it 
has  been  argued  that  all  these  rocks  originated  at  one 
time,  from  a  common  solution^  and  were  therefore 
the  results  of  a  continued  crystaHization  from  a  flnid 
gradually  varying.  They  who  have  chosen  to  main- 
tain this  doctrine,  have  certainly  derived  from  it 
great  convenience  ;  inasmuch  as  they  have  dispensed 
•with  the  labour  of  investigating  the  differences  of 
these  rocks,  or  describing  their  characters  and  con- 
nexions. I  know  not  what  advantages  are  to  be 
gained  by  thus  restoring  Geology  to  its  original 
chaos ;  and  as  the  question  of  watery  crystallization 
has  been  sufficiently  considered  in  other  parts  of  this 
work,  that  subject  may  be  disnn'ssed. 

Such  transitions  as  do  actually  occur,  may  easily 
be  accounted  for  in  various  ways.  In  the  older 
strata,  they  may  arise  from  proximity  of  position,  iu 
rocks  that  have  l>cen  in  a  state  of  scmifusion  and  that 
were  formed  of  simitar  materials.  Thus  they  arc  com- 
mon between  gneiss,  micaceous  schist,  and  quartz 
rock,  accordingly  as  these  approximate.     Thus,   by 
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intermixture,  occasional  trausitions  may  also  bappen 
between  coarse  argillaceous  schist  and  quartz  rock, 
or  between  ihe  6ne  schist  and  gneiss.  But  these  are 
rare  and  easily  explained ;  nor  is  there  any  transition 
from  limestone  to  any  other  rock.  In  the  newer 
strata,  it  is  equally  easy  to  understand  how  they  must 
happen,  from  the  irregular  succession  of  so  small  a 
uuuil)er  of  materials,  and  how  some  uncertainty  of 
composition  must  often  take  place  at  the  point  of 
change  between  different  deposits.  This  subject  is 
however  noticed  more  particularly  in  the  chapter  on 
the  Successions  of  Strata  ;  and  the  particular  transi- 
tions will  be  pointed  out,  wliere  necessary,  in  the 
histories  of  individual  rocks  hereafter.  It  is  to  be 
feared  that  the  imaginary  value  attached  to  these 
transitions,  has  arisen  from  the  practice,  far  too 
general,  of  deducing  conclusions  respecting  the  order 
of  nature,  from  that  made  by  a  mineralogist  in  his 
cabinet.  Undoubtedly,  a  rich  cabinet  may  be  made  to 
prodccc  every  transition  which  the  most  arduous 
theorist  could  devise  ;  but  he  will  have  far  mistaken 
the  real  objects  of  his  geological  pursuits,  who  shall 
make  his  drawer  the  type  of  Nature. 


CHAP.    XIII. 

On  the  Desh-uction  of  Rocks. 

If  the  interest  of  geological  facts  hears  any  proportion 
to  their  importance  as  they  affect  the  condition  of 
organized  beings,  there  is  none  in  the  whole  range  of 
the  science  more  calculated  to  attract  attention  than 
that  which  relates  to  the  destrnction  of  rocks,  to  the 
sure  though  tedious  process  by  which  they  are  con- 
verted into  earth  and  soil.  On  this  process,  depends 
the  very  existence  of  all  the  races  of  terrestrial  vege- 
tables and  animals.  In  the  smallest  fragment  that 
falls  from  the  precipice,  in  the  ceaseless  flow  of  the 
torrent  and  the  river,  in  the  summer's  rain  and  the 
frosts  of  winter,  the  Geologist  contemplate-S  the 
agencies  by  which  Nature  renews  and  extends  the 
animated  surface  of  the  earth;  and,  recurring  to  the 
commencement  of  these  actions,  beholds  it  a  dreary 
waste  of  naked  untenanted  rock. 


Of  the  chemical  Agents  which  tend  to  destroy  Rocks, 

In  enumerating  the  agents  by  which  Nature  operate* 
her  important  purposes  of  demolition  and  destruction, 
if  some  shall  appear  insignificant  in  their  power,  or 
tedious  in  their  effects,  there  arc  others,  of  which  the 
results  are  rapid,  important,  and  sensible  to  us  where- 
cver  we  turn  our  eyes.  Even  the  agency  of  those 
chemical  causes  which  at  first  appears  so  feeble,  is 
often  highly  cflicacious  in  preparing  the  way  for  the 
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action  of  niechauical  powers  of  more  acknowledged 
and  obvious  force.  But  it  must  be  rcmenibercd  that 
whether  the  process  of  destruction  be  slow  or  rapid, 
and  though  it  may,  to  our  limited  views,  often  appear 
contemptible  in  its  effects,  it  is  a  process  that  never 
ceases.  However  limited  these  actions  may  have  been 
fts  to  the  past,  their  nnintermitling  continunncn 
throujrh  a  duration  to  wlitch  we  can  assign  no  limits 
must  produce  effects  which  wc  should  vainly  attempt  to 
measure  by  the  small  portion  of  that  time  which  ia 
bounded  by  onr  own  experience.  Yet  it  will  be  seen, 
that  even  within  the  short  records  of  history,  the 
changes  which  Nature  thns  effects,  are  no  less  exten- 
sive than  remarkable. 

If  the  mere  solvent  power  of  water  on  the  earths  is 
the  mo3t  feeble  of  these  agents,  its  action  is  still 
unquestionable,  and  must  not  be  overlooked.  That  it 
does  dissolve  silica  and  lime  both,  has  already  been 
shown  J  and  thns  it  may  often  loosen  the  bonds  by 
which  the  more  insoluble  substances  are  united,  so  as 
to  prodnce  a  greater  effect  of  destruction  than  would 
result  merely  from  its  solvent  power.  It  is  so  easy 
to  trace  its  action  on  limestones,  that  instances  of 
this  nature  need  not  be  adduced.  The  surfaces  of 
qnartz  rock  which  are  exposed  to  rain,  arc  often 
polished  as  if  by  a  lapidary's  wheel,  and  the  peailiar 
roundness  of  the  angles,  here  evinces  the  cause.  The 
effect,  however,  in  such  cases  as  this,  may  fairly  be 
taken  as  nothing ;  sine*,  as  far  as  direct  solution  is 
here  concerned,  scarcely  eternity  itself  could  be 
imagined  capable  of  dissolving  a  monntain  of  this 
refractory  material.  But  the  looser  aggregated  rocks 
of  this  nature,  or  the  common  sandstones,  give  every 
where  abundant  proofs  of  its  influence,  in  the  corro- 
tion  they  suffer  on   long  exposure,  even  where  most 
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pure.  When  they  contain  calcareous  pai-ticles,  it  ie 
more  easy  to  suppose  that  fheir  failure  has  resulted 
from  the  solution  of  tliat  ingredient ;  and,  in  cither 
case,  it  ia  easy  to  sec  that  a  cousidcral)le  disintegration 
of  rock  may  take  place,  even  wlieu  very  small  portions 
of  it  have  been  actually  dissolved. 

In  Granite,  this  effect  is  often  very  sensible,  and  it 
is  no  where  more  easily  observed  than  in  Cornwall. 
Cavities,  containing  water  in  wet  seasons,  are  very 
common  in  tlie  granite  of  that  country,  and  they  are 
often  of  considerable  dimensions,  while  they  arx;  ex- 
cavated in  forms  so  accurately  curved  as  to  resemble 
works  of  art.  They  are  well  known  to  those  who 
have  interested  themselves  in  the  antiquities  of  that 
county,  by  the  name  of  rock  basins :  having  been  idly 
attributed  to  the  favourite  Druids  of  auticjuarics. 

It  is  easy  to  trace  their  progress  from  that  which 
can  contain  but  a  single  drop  of  water ;  and,  as  this 
enlarges,  the  work  of  destruction  goes  on  in  an  acce- 
lerating ratio  J  while  the  fragments  of  quartz  and 
felspar,  remaining,  serve  to  prove  the  nature  of  the 
cause.  Whether,  in  this  case,  the  quartz  is  acted  on, 
or  the  felspar,  or  both,  is  uncertain;  but  that  the 
effect  does  not  arise  from  any  action  on  ferruginous 
matter,  ia  unquestionable,  as  it  takes   place  equally 

^^_       where  the  felspar  contains  no  iron. 

^B  It  is  probable  that  a  more  indirect  action  of  water 

■  has  a  similar  efl'ect  in  producing  the  disintegration  of 
I  rocks,  independently  of  its  chemical  power  upon  the 
I  iron  which  tbey  may  contain.  It  was  elsewhere  shown, 
I            that  all  rocks  contained  water  when  deep  in  the  earth, 

■  and  that,  so  far,  they  arc  porous,  however  solid  in  a 
I  general  sense.  By  being  alternately  wetted  and  dried 
I  at  the  surface,  (hey  may  thus  undergo  alternate  con- 
^^      traction  and  expansion,  in  such  a  degree  as,  in  timci 
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to  lose  their  integrity^  as  far  as  that  operation  can 
reach;  independently  of  tlie  frequent  solution  and 
precipitation  of  their  soluble  parts  which  mnst  thus 
take  place. 

The  destruction  of  the  calcareous  rock  of  Malta, 
described  hj  Doiomieu,  may  be  noticed  in  this  place, 
though  it  is  a  peculiar  instance,  not  arising  from  water 
alone,  and  apparently  Umlted  to  that  rock.  When 
wetted  with  sea  water,  a  crust  is  soon  formed,  which 
exfoliates  and  13  followed  by  others,  till  the  whole 
stone  falls  to  pieces*  It  is  still  more  remarkable  that 
a  single  drop  is  capable  of  producing  this  effect ;  and 
that  it  even  extends  through  a  whole  wall,  where  the 
salt  has  not  reached. 

It  mnst  be  remarked  that  those  rocks  which  are 
subject  to  decompose  in  considerable  masses,  as  if  by 
an  universal  caries,  even  when  situated  deep  in  the 
earth,  contain  alkali  as  an  ingredient  in  their  compo- 
sition. It  is  in  grauite,  in  gneiss,  and  in  the  trap 
rocks,  that  this  circumstance  is  peculiarly  frequent  and 
remarkable ;  and,  in  all  these,  either  potash  or  soda 
is  found,  in  some,  both.  This  efl'ect,  unless  when  it 
arises  partly  from  changes  occurring  in  the  ferruginous 
ingredient,  must  probably  be  attributed  to  the  solvent 
power  of  water;  and,  however  dithcult  it  might  be 
imagined  for  water  to  disengage  alkali  from  such  a 
combination,  the  possibility  is  confirmed  by  the  effect 
which  it  is  known  to  produce  on  glass. 

The  changes  which  are  experienced  by  iron,  are 
however  the  most  conspicuous,  and  apparently  the  most 
important  of  the  chemical  agencies  by  which  the 
decomposition  of  rocks  is  eifcctcd.  This  metal  exists 
in  stones  in  diflhrent  conditions,  all  of  which,  it  is 
probable,  have  not  yet  been  ascertained  by  chemical 
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analysis.    But  as  far  as  tbc  present  object  i»  concerned^ 
the  subject  is  sufficiently  understood. 

In  the  state  of  pcroxydoj  in  which  it  communicates 
a  red  or  brnwa   colour  to  rocks,    iron  13  very  little 
susceptible  of  further  changes  from  tiic  action  of  water, 
and,  in  general,  it  undergoes  none.     Hence  stones  of 
this  colour  rarely  experience  any  alteration  of  hne  on 
exposure;    and,    what   is    much    more   important   to 
architects,   lliey  are,    in  general,   less   susceptible    of 
decomposition  than   those  which  arc  dark  or  lead- 
coloured.     'ITic  red  sandstones  which  are  subject  to 
decomposition,    owe  tliat  defect  to  the  other  causes 
above  enumerated.     The  existen<:e  of  this  oxyde  of 
iron  in  certain  rocks,   is  often  an  interesting  circum- 
stance, as  throwing  light  on  the  changes  which  they 
have  undergone ;  but  it  is  esscntiid  not  to  carry  this 
speculation  too  far.     The  clays  found  under  the  trap 
rocks,  appear  unquestionably  to  owe  their  red  colour 
to  the  action  of  heat.     Similar  appearances  arc,  in 
some  cases,  observed  in  the  argillaceous  and  micaceous 
schists;  but  it  is  not  certain  that,  in  all  tliesc,  the 
same  cause  has  acted.    In  the  red  buiidstouc,  if  it  does, 
in  some  instances,  appear  to  have  produced  the  effect 
in  qucKtion,  the  colour,  in  the  majority  of  these,  has 
been  derived  from  (hat  of  tbc  felspar  which  furnished 
the  clay  iu  their  composition,  or  else  from  the  original 
quartz. 

llie  next  state  in  which  iron  exists  in  rocks,  is  in 
that  of  the  yellow,  or  the  hydrated,  carhonat ;  forming 
the  rust  which  colours  all  the  yellow  rocks  imd  clays. 
In  this  case,  however,  it  is  even  less  a  source  of  de- 
composition than  in  the  former,  and  is,  indeed,  in 
general,  perhaps  io  all  instauecs,  itself  tlie  produce  of 
decomposition.    That  some  of  the  yellow  rocks  have 


been  once  lead-coloured,  may  be  seen  in  many  of  tlie 
secondary  limestones,  wbere  the  chanjre  can  be  traced; 
but  it  is  scarcely  suspected  that  this  process  has  been 
carried  on  in  so  extensive  a  manner  in  the  sandstones, 
which  1  shall  nevertheless  hereafter  show. 

Iron,  in  the  form  of  pyrites,  is  known  to  destroy 
many  of  the  secondary  sandstones  in  which  it  exists* 
But  it  is  not  sufticiently  coraraon  to  produce  any 
extensive  or  conspicuous  effects;  and,  in  the  state  in 
which  that  miDertU  occius  in  the  primary  rocks,  it  is 
scarcely  susceptible  of  decomposition. 

It  is  in  the  state  of  the  diftliscd,  or  combined  pro- 
toxyde,  that  the  power  of  iron  in  decomposing  rocks 
is  most  remarkable  ;  and  it  is  of  sutticieut  importance 
to  be  numbered  among  the  causes  that  arc  most 
active  in  the  work  of  dcstrnction.  The  chemical 
process  Ls  simple  ;  as  this  oxyde  combines  easily  with 
water  and  carbonic  acid,  thus  producing  rust,  which 
is  indicated  by  the  yellow  and  brown  colours  which 
tic  rocks  that  contain  it  acquire  on  exposure.  It  is 
probable  that,  in  these  cases,  the  actual  decom- 
position is  the  consequence  of  the  increase  of  bulk 
which  the  stone  thns  acquires ;  and  tbereforc»  in 
many  instances,  where  the  quantity  of  this  ingredient 
is  small,  the  rock  does  not  moulder,  altliough  it 
becomes  more  tender.  That  is  an  event  not  unfre- 
queut  in  mauy  limestones  and  sandstones  ;  as  well  as 
in  some  of  the  cl.iystones  of  the  trap  family,  whicli 
retain  their  integrity  after  their  colour  has  been 
changed.  Where,  as  in  many  basalts,  the  iron 
abounds,  the  event  of  this  change  is  to  resolve  the 
whole  into  clay.  There  is  yet  however  some  ob- 
scurity in  this  subject,  which  it  requires  the  future 
aid  of  chemistry  to  dispel.  Many  shales  and  slates, 
though  apparently  containing  this  oxydc,    resist  all 
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change  of  colour,  and,  in  consetjuence,  preserve  their 

tenacity  when  rocks  of    other  kinds,    of    the  same 

colours,  fall  to  powder,  or,  at  least,  become  softened. 

It  has  not  hitherto   been  suspected  that  Uie  car- 

'bonat  of  iron  was  a  common  ingredient  in  rocks  ;  and 
though  its  eftects  in  accelerating  their  decomposition 
is  very  trifling,  it  is  proper  that  it  should  be  enu- 
merated among  the  rest.  It  is  frequent  in  the  white 
veins  of  carbonat  of  lime  that  traverse  the  schists, 
and  is  detected  by  the  brown  colour  which  it  acquires 
from  the  action  of  water.  Its  existence  wonid  as 
little  be  suspected  in  the  white  quartz  rocks.  Yet, 
in  these  also,  it  is  discovered  by  their  becoming  rusty 
on  exposure,  sometimes  to  the  depth  of  even  a  quar- 
ter of  an  inch ;  as,  by  the  same  means,  it  is  ascer- 
tained to  exist  in  some  of  the  whitest  compact  fel- 
spars. It  ought  to  be  added,  that  the  rust  thus 
formed,  appears  to  be  soluble  In  the  water  of  the 
Atmosphere  j  as  such  rocks  become  bleached  at  the 
surface,  while  the  brown  stain  occupies  an  inferior 
lamina.      It  is  thus   that  we  must  account  for  the 

'whiteness  of  the  powdery  surface  so  often  found  on 
the  decomposing  argillaceous  schists  and  felspars, 
even  where  we  are  sure  that  these  contain  iron.  If 
there  are  any  other  chemical  causes  for  the  decom- 
position of  rocks,  they  are  still  unknown  to  us,  and 
must  remain  for  the  investigation  of  future  chemists. 

Of  the  Decomposition  of  deep-seated  Hocks. 

Although  the  phenomena  in  (jucstion  occur  most 
conspicuously  where  rocks  are  exposed  to  the  atjno- 
sphere,  or  to  the  action  of  air  and  water  together, 
they  also  take  place  deep  in  the  earth,  as  already  re- 
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narked;    in  which  cases  tliey  must  be  referred  to  the 
rffects  of  water  alone. 

As  some  of  these  changes  are,  from  their  extent  or 
other  circumstances,  of  a  very  intereetiii^  nature^  and 
lay  perhaps    serve  to  explain    some  difficulties  in 

Jgcology,  it  will  be  necessary  to  bestow  a  few  words 
on  them. 

This  event  is  so  common  in  granite,  that  examples 
of  it  must  have  occurred  to  every  geologist.      It  is 

pfrequent  in  Cornwall  and  on  the  opposite  coast  of 
tritany ;  and  the  result  is  a  clay  mixed  with  quartz 
gravel,  and,  in  some  cases,  where  the  mica  has  re- 
listed decomposition,  witli  that  mineral  also.  In 
lOnie  kiuds  of  gueiss,  it  is  equally  common  ;    and   re- 

•markable  examples  of  this  nature  may  be  observed  in 

lAberdeenshire,  in  Guernsey,  and  in  the  isle  of  Sky. 
Lf  less  frequent  in   micaceous  schist,    it  is  still  sufti- 

fciently  conspicuous  in  that  rock,  in  many  parts  of 
Scotland  ;  as,  in  Cornwall,  it  is  of  very  noted  occur- 
rence in  the  soft  argillaceous  schists,  or  the  "  killas," 
of  that  district.  That  the  white,  or  pure,  sandstones 
tndcrgo  this  change  in  the  same  manner,  is  proved 
by  the  occurrence  of  a  hill  of  considerable  extent  near 

;Kiidrummie  in   Aberdeenshire.    This  hill  consists,  al- 
lost  entirely,  of    loose  sand  ;    and  thn^  its  original 

'rocky  state  might  be  disputed,  did  not  the  perma- 
nence of  numerous  harder  veins  that  intersect  it,  and 
the  remaining  marks  of  the  joints  which  divide  the 
beds,  prove  its  true  nature.  It  has  often  been 
doubted  whether  the  sand   beds  in   England,  which 

Econtain  sandstone  and  sand  together,  were  in  the  pro- 

[p'ess  of  decomposition  or    induration ;     and  it  has, 
believe,    been  generaMy  decided  in  favour  of  the 
latter.     The  present  fact  may  throw   some  doubt   on 

khe  propriety  of  that  decision,  and  will  at   le:i3t  ren- 
voL.  I,  a 
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dcr  it  incuiubeiU  on  geologists  to  saiU'cb  for  evidence 
capable  of  determining  with  more  precision  whnt  the 
troth  is. 

Such  is  the  importance  of  this  view,  and  so  ex- 
tensive the  consequences  to  which  it  leads,  that  I 
aIiciU  not  be  diyappointe<1  if  geologists  should  refuse 
their  assent  to  it ;  though  the  facts  next  to  be  re- 
corded are  equally  satisfactory,  and  are  at  least  free 
from  the  suspicion  of  supporting  any  liypothesis.    > 

The  chief  part  of  the  Orkney  i^hiuds  consists  of  an 
alternating  series  of  sandstone  and  shale,  belonging 
to  the  lowest,  or  old  red  sandstone  of  geologists.  In 
some  places,  the  sandstone  is  red*  but,  like  the  shale, 
it  is  more  generally  of  a  dark  gray  colou|:.  But 
there  are  also  beds  of  a  yellow  and  tender  kind, 
exactly  rcseinbiiiig  some  of  those  which  occnr  among 
the  upper  secondary  strata,  aud^  at  first,  leading  to  .a 
belief  that  such  a  scnes  exists  ^re...  J[t^  only  afiter 
much  examination  that  the  true  nature  of  tliis  rock  is 
discovered  ;  when  it  is  perceived  to  arise  from  a 
change  in  the  iron  of  the  blue  strata,  which  thus  be- 
come tender  as  they  acquire  the  yellow  colour.  Act- 
ing on  this  hint,  it  will  remain  for  geologists  to  in- 
quire whether  similar  changes  may  not  have  taken 
place  ill  many  other  cases,  where  the  tender  and 
yellow  state  is  supposed  to  have  been  the  original 
condition  of  the  strata. 

This  deep  decomposition  is  frequent  in  the  trap 
rocks ;  and,  in  some  of  these,  it  leads  to  important 
practical  consequences,  while  it  gives  rise  to  geo- 
logical suspicions  of  no  small  interest.  Tfee  very 
deep  and  rich  soil  of  some  parts  of  iicotland,  which 
lies  above  sandstone,  is  evidently  derived  from  this 
Boiirce,  and,  apparently,  from  an  entire  resolution  of 
the  coBopnct  trap  that  has  once  covered  it.     In  Sky, 


tbfi  same  fact  is  prcseu^d  iu  a  maoiicr  perfectly  iiu- 
qDcstioiiablc.  In  cousctjuinLX'  of  the  protectton  af- 
forded to  tlic  subjaecut  rock  by  the  aoUd  iiias!>  of  peat 
with  which  it  is  covered,  it  remains  ao  undisturbed  as 
to  present  all  itA  di\'isious  and  concrctionury  forms  w 
if  still  iu  a  state  of  iulcgrity  ;  the  zeolites  which  i^ 
coutuins  rcmaiuing  also  unaltered.  But  it  is  no  lunger 
a  rock :  the  spade  and  pickaxe  cut  through  it  as 
through  earth  ;  and,  where  natural  forces  have  acted, 
the  whule  moulders  into  yellow  clay,  leaving  tlie  zeo- 
lites in  lieaps  resembling  bunks  of  gravel. 

In  Bute,  tlicre  are  fouud  bods  of  a  tenacious  com- 
pact clay,  lying  deep  under  a  mass  of  solid  trap,  and 
presenting  what,  on  a  superficial  view,  would  be 
deemed  a  untund  and  original  state.  On  an  accurate 
cxivmination,  liowpvcr,  it  is  discovered  that  they  are 
interspersed  with  crystals  of  felspar,  sometimes  entire, 
but  more  frequently  reduced  also  to  clay,  yet  of  a 
different  colour  from  that  which  forms  the  base.  By 
this  and  sumc  other  appearances,  it  is  proved,  that 
these  have  once  been  masses  of  porphyry,  whiclj  have 
thus  undergone  decomposition,  deep  in  the  earth, 
while  the  rocks  above  tbeni  retain  their  ongimd  in- 
tegrity. 

Iu  the  islands  oSLuing  and  Torsa,  there  are  some 
large  veins,  consisting,  apparently,  of  that  yellow 
arenaceous  claystone  so  well  known  to .  the  geologists 
who  have  visited  Arrau;  and,  in  some  places,  they 
present  a  porphyritic  structure.  N^  suspicion  re- 
specting these  could  have  arisen,  bad  it  not  been  for 
some  deep  and  fresh  fractures.  \i  ■•<* 

'riius  it  is  discovered  that  the  original  rock  is  a 
ilark  compact  claystone,  often  eidled  basalt,  in  sonic 
parta  porphyritic;  and  that  tlie  yellow  claystone  ^ 
jiot  a  natural  rork,  l>i^t  the  consequence  of  an  iud- 
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pient  decompooition,  the  progress  of  which  it  tbut 
easily  traced.    This  rock,  it  must  be  obsen'ed,  is  per- 
fectly  compact   and   tenacious,  although   far  less   so 
than  that  from  which  it  has  been  derived.     la  many 
of  these  instances,  where  the  rocks  are  of  a  porphyritic 
character,  the  fact  of  such  a  partial  decomposition 
may  be  suspected,  from  the  existence  of  cavities  con- 
taining yellow  or  brown  clay;  and,  even  in  porphyries, 
of  which  the    base  appears   to    have   undergone    no 
change,  the  crystals  arc  sometimes  reduced  to  powder. 
That  the  compact  clinkstones  may  be  converted 
into  arenaceous  claystones  by  this  kind  of  decomposi- 
tion, may  be  proved  by  the  state  of  some  of  the  rocks 
in  Arran;    where  the   former  are  frequently   found 
covered  with  a  crust  of  the  latter,  and  where,  without 
fracture,  it  would  not  be  suspected  that  the  rock  was 
of  a  different  character  witliin.     The   same  circum- 
stance is  visible  in  many  places  in  Sky ;  and,  from 
the  sections  there  afforded,  the  decomposition  of  these 
rofks  can  often  be  traced  to  an   enormons  depth.     It 
even  appears  that  many  of  the  pale  and  yellow  Syenites 
and  porphyries  of  that  island  have   been  originally 
blue;  and  that  their  imperfect  compactness,  like  their 
yellow  colonr,  is  the  consequence  of  incipient  or  im- 
perfect decomposition.     I  may  cohfirm  my  own  re- 
marks by  the  testimony  of  the  French  geologists  re- 
specting the  rocks  of  Domfront  in  Britany;  where 
greenstones  arc  similarly  foond  converted  into  clay- 
stones,  which,  by  a  further  decomposition,  are  resolved 
into  a  species  of  fullers'  earth. 

So  great  is  the  depth  of  the  decomposition  in  some 
of  these  instances,  and  so  exactly  do  many  of  the 
great  masses  of  pale  claystone  correspond  with  tliose 
which  can  be  proved  to  result  from  decomposition, 
that  wc  arc  led  to  suspect  that  this  may  be  the  origin 
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of  the  whole,  and  that  even  all  the  rocks  of  this  cha- 
racter which  occur  in  Arran  and  Sky,  may  once  have 
been  clinkstones  or  compact  blueclaystones.  The  very 
same  phenomena  occur  among  volcanic  rocks;  and, 
ui  both,  many  of  the  substances  to  which  the  unmean- 
jlng  term  trachyte  has  been  appMed,  are  only  the 
[produce  of  this  change. 

It  is  not  safe  to  carry  thi.s  speculation   too  far;  but 
[it  is  plain  that  it  opens  a  way  towards  the  explanation 
lof  many  circumstances    in   the    history   of  the  trap 
[i^unily,  which  have  been  hitherto  matters  of  difficulty. 
[It  is  not  easy  to  imagine,  for  example,  that   rocks  so 
.earthy  and  loose  as  some  of  the  claystone-s  are,  were 
ithe  produce  of  igneous  fusion;  hut  since  such  masses 
of  the  harder  rocks  can  undergo  that  change  of  cha- 
racter which  has  been  described,  this  difficulty  ceases. 
In  the  same  manner,  it  has  of^cn  been  objected  to  the 
igneous  theory  of  trap,  that  it  is  inconsistent   with 
|the  presence  of  clay  or  unconsolidated  rocks  in  the 
subjacent  positions  in  which  they  sometimes  occur. 
The  case  described  as  existing   in   Bute,  solves  this 
difficulty;  as  it  will  explain  many  others  where  similar 
lomalies  have  been  found  to  exist. 

Of  the  mechanical  Agetiis  which  tend  to  destroy 

Rocks. 


The  mechanical  causes  which  operate  in  effecting 
the  destruction  of  rocks  may  act,  either  on  inassea 
already  decomposed,  or  on  rocks  which  have  under- 
gone no  change;  but  it  is  unnecessary  to  distinguish 
the  two  cases.  The  most  universal  of  these  is  fric- 
tion, which  is  here  enumerated  in  the  first  place,  al- 
though not  always  called  into  action  till  the  larger 
parts  have  been  separated  by  other  causes.     But  it  ii 
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water  whirh  is  hercthcuiovingforce.  Aided  by  the  power 
of  gravity,  or  urged  by  the  violence  of  ihc  winds.  It 
impels  against  each  other  and  against  the  solid  rocks, 
those  (Vaginents  which  have  been  detached;  reducing 
them  to  powder,  or  to  sjiud  and  clay,  as  far  as  its 
power  extends ;  au^,  where  that  has  been  exhausted, 
leaving  the  larger  fragments  at  rest  on  the  plains  or 
on  the  bottom  of  the  ocean.  The  efForts  of  this 
power  are  most  cnnspicuons  in  mountainous  conntries, 
where  the  agents  may  be  seen  at  work  in  the  bed  of 
every  torrent;  but  if  wc  would  look  for  the  effects 
which  it  produces,  we  must  search  the  plains,  the 
rivers,  and  the  bottom  of  the  sea.  It  is  here  that 
natnre  accuninlates  the  collected  labour  of  ages  in 
one  spot,  as  evidences  of  the  power  of  that  clement 
which  the  geologist  nmst  ucvcr  forget, — Time. 

It  is  easy  to  examine,  even  the  smallest  effeets  of 
friction,  in  the  rounding  of  the  stones  found  in  the 
beds  of  rivers,  and  in  the  sand  and  clay  which  they 
deposit.  Near  the  sources  of  the  torrents,  the  frag- 
ments of  rocks  are  angnlar  and  the  waters  lue  clear, 
except  where  they  may  invade  a  soil  already  decom- 
posed. As  we  proceed  along  their  courses,  marks 
of  wear  arc  perceived  in  the  stones  which  they  hurry 
along:  by  degrees  they  become  rounded,  gravel  and 
sand  are  intermixed  with  them,  and,  as  at  length  we 
reach  the  plains,  the  finest  particles  alone  are  suspended 
in  the  shape  of  clay;  being  deposited  along  its  course 
as  the  velocity  slackens  and  as  gravity  may  direct; 
and,  at  length,  as  tlv?y  ontlive  these  actions,  carried 
into  the  ocean,  thenre  never  to  return  again  in  the 
same  forms. 

The  marks  of  this  force  arc  uu  less  visible  on  tbo 
solid  rocks;  in  the  deep  furrows  which  arc  every 
where  to  be  seen  in  the  beds  of  rivert*.  produced  by 
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the  incessant  friction  of  the  heavy  bodies  carried  along 
their  snrfaces.  These  furrows,  it  is  well  known,  are 
found  in  places  where  rivers  no  longer  flow,  and  they 
have  been  supposed  the  murks  of  antient  deluges.  In 
many  of  the  instances  that  have  been  adduced,  they 
are  clearly  the  efiects  of  rivers  which  have  changed 
their  places ;  but  as  there  is  much  that  depends  on 
tlii»  cfucstion,  unconnected  witli  the  present  inquiry, 
it  needs  not  be  ag;itat€d  at  present. 

As  the  arcuninlated  products  of  friction  arc  best  exa- 
mined in  the  plains  and  on  the  sea  shores,  so  its  cflects 
on  tlie  solid  rocks  may  most  advantageously  be  wit- 
nessed in  the  deep  sections  which  the  torrents  pro- 
dace  in  the  mountains.  Hiat  these  are  really  the 
effects  of  friction,  is  proved  by  the  accurate  corre- 
spondence of  the  rocks  on  the  opposite  sides.  But  no 
where  is  it  more  clearly  evinced  than  in  the  falls  of 
rivers,  where  these  forces  act  with  increased  energy ; 
the  traces  of  cascades  being  frequently  found  far  re- 
mote from  the  present  places  of  the  falls,  and  pre- 
serving the  luost  impressive  records  of  all  that  has 
been  destroyed. 

But  it  is  not  only  in  rivers  that  the  power  of  water  is 
exerted  in  causing  the  hard  materials  of  the  earth  to 
contribute  to  each  other's  destruction.  The  fragments 
which  rains  and  frosts  have  separated  from  the  cliffs 
of  the  sea  shore,  rolled  witliout  ceasing  by  the  efforts 
of  the  waves  and  the  tides,  arc  gradually  reduced  to 
powder;  foruiing  beds  of  sand  and  mud,  and  contri- 
buting, during  their  own  destmction,  to  that  of  the 
solid  rocks  against  which  they  are  incessantly  impelled. 
But  the  great  destruction  of  the  sea  cliffs,  that  of 
which  the  traces  are  so  strongly  recorded  in  the  out- 
lines of  all  rocky  coasts^  i»  produced  by  cAuses  of  a  far 
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ZDorti  active  nature,  which  it  is  next  my  bosinesa  to 
consider. 

ir  in  cuiitemplatiiig  the  towering  peaks  and  the 
solid  precipices  of  an  alpine  region,  braving  the  fury  of 
the  element!)  Hnd  the  floods  of  winter,  the  spectator  is 
at  first  impressed  with  the  character  of  strength  and 
solidity  which  natnrt*  here  seems  to  have  conferred  on 
her  works,  it  requires  bnt  a  moment's  reflection  to 
show,  that  everything  aronnd  him  bears  the  marks  of 
ruin  and  decay.  Here  he  learns  to  withhold  his  regret 
nt  the  perishable  nature  of  all  human  labours,  at  the 
fall  of  tlie  strong  tower  and  the  solid  pyramid,  when 
he  sees  tliat  the  most  massive  rocks,  those  mountains 
which  seem  calculated  for  eternal  duration,  bear  alike 
the  marks  of  vicissitude  and  the  traces  of  ruin.  Grs*- 
vily  is  here  (he  great  Jigent  in  those  changes  which 
niOBt  forcibly  arrest  his  attention ;  changes  by  which 
the  solid  precipices  are  shivered  into  atoms  and  hurried 
into  the  valleys  beneath. 

In  these  great  revolutions   however,  other  agents 
must  ro-opcrate;    and  the  first  here  to  be  considered 
is  the  power  of  frost.     Expanding  as  it  frecz-es,  the 
water  which  has  entered  the  flssores,  acta  with  iire- 
sistiblc  force,  and  detaches  those  enormous   niasse^ 
which,  in  the  seasons  of  winter  and  spring,  daily  ia!^ 
fi-om  the  mountains.     In  Greenland,    it  is  said  that 
these  eflcets  often  take  place  with  a  noise  emulating 
thunder;  hut,  if  less  conspicuous,  they  are  sufficiently 
common  in  nil  the  alpine  regions  that  are  subject  t^ 
the  extreme  vici^jsitudes  of  heat  and  cold.  ™ 

It  is  to  causes  of  this  nature  that  the  great  ruin  of 
the  seA  cliffs  is  to  be  attributed,  and  not  to  the  foriH 
of  the  stones  which  the  tide  impels  against  their  bases, 
as  has  been  sometimes  asserted.      No  stronger 
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of  ibis  is  required  than  that  which  is  open  to  in- 
spection on  the  shores  of  our  own  inland,  fn  the 
Western  Islands  of  Scotland,  it  is  often  rendered 
very  conspicuous  by  the  prolonged  basements  and 
ledges  which  skirt  the  cliffs,  rising  precisely  to  the 
level  of  high  water.  This  effect  is  exceedingly  re- 
markable in  Sky,  and  in  the  neighbouring  islands  ; 
where  it  is  not  Uniitcd  to  any  class  of  rock,  although 
most  conspicnously  exhibited  in  the  trap  family. 
Tlius  we  find  towers  and  pinnacles  rising  out  of  the 
sea,  pitched  on  a  wide  base  below  it,  and  waiting  for 
the  day  which  is  to  level  alike  the  whole  structure. 
Hence  the  approach  to  these  rugged  and  dangerous 
shores  is  rendered  impracticable  by  the  long  ledges  of 
rock  which  skirt  them,  on  which  a  formidable  surf  is 
for  ever  breaking.  Hence  also  tliosc  suuk  rocks,  the 
terror  of  the  mariner,  and  the  remains  of  those  which 
once  towered  above  the  water,  but  are  now  at  length 
secured  from  further  destruction.  Thus,  as  the  at- 
mosphere destroys,  the  sea  protects,  for  a  tiuie  at 
least,  from  further  injury  ;  4)rcserving,  in  these  mo- 
numents, the  most  impressive  records  of  what  the 
land  once  was.  In  Arran,  the  long  piers,  the  re* 
mains  of  trap  veins,  which  sti'ctch  out  into  the  sea  on 
all  sides,  thus  serve  to  mark  the  former  extent  of  the 
less  durable  land  which  has  at  length  submitted  to 
that  power  from  which  even  these  records  will  not 
for  ever  be  exempted. 

It  is  not  however  to  frost  alone  that  we  must  at- 
tribute those  enormous  masses  of  ruin  which  so  often 
fall  in  alpine  regions,  burying  the  plains  together 
with  their  inhabitants*  and,  in  our  own  diminutive 
Alps,  causing  those  slides  of  large  portions  of  the 
hills  which  may  be  seen  in  numerous  places.  In 
these  slides,  the  geologist  may  often  study  the  dimi- 
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native  copies  of  those  far  greater  movements  which 
have  formerly  involved  whole  countries ;   producing 
the  dislocations  of  the  strata,  and  presenting,  at  tb« 
plao's  of  fracture,  the  uiodcla  of  qiineral  veins. 
••'Tlje  exact  causes  of  these  great  revohitions  ha\ 
not  always  been  ascertained ;    hut  they  have  been  at- 
tribated,  in  many  cases,  and  apparently  with  justiee^l 
to  the    acliou  of   water.       In  other  instances,    the] 
appear  to  have  resulted  merely  from  (he  eifects  ol 
gravity,    acting-  through  a  long  period,    on  massesj! 
of  whicli  the    support  was  gradually  bccoraing  en-i 
feeblcd;    till,    the  powers  of   resistance  yielding  t( 
those  of  motion,  the  whole  has  given  way.       A  fei 
of  the  instances  recorded  by  authors  may  amuse  th< 
reader,  and  diminish  the  dulness  of  continued  geo- 
logical diBciissiou, 

In  1618,  the  town  of  Pleurs,  near  Chavcnncs^ 
containing  20()0  inhabitants,  was  suddenly  over- 
whelmed, and  the  ground  is  now  covered  with  houses 
and  cultivation. 

Near  Pa^sy,  between  Salenchcs  and  Servoz, 
mountain  thus  gave  way  in  1751,  with  such  a  tre- 
mendous concussion,  followed  by  clouds  of  dnst, 
that  it  was  Knpposed  to  have  been  the  effects  of 
volcanic  eniption.  The  examination  made  of  it  h] 
Donati,  renders  this  example  interesting,  as  tk»| 
cause  was  ascertained.  It  was  found  that  the  vatei 
of  some  lakes  which  were  situated  above,  had  insinu- 
ated itself  between  the  strata  of  schist  and  limestone 
of  which  the  mass  was  composed  ;  and  that  its  sup- 
port having  thus  been  removed,  it  hnd  sliddea  and 
fallen.  The  mass  of  mutter  thus  displaced  was  esti- 
mated at  3,000,0t)0  of  enbic  fathoms,  and  was  eulfi-^ 
cicnt  to  form  a  considerable  hill.  " 

'But  the  most  recent  occurrence  of  this  nattire  was 
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id  I80(j,  and  the  fall  was  «o  sudden  as  to  overwhelm 
wine  ont  of  thirteen  persons  who  were  travelling  near 
it  at  the  time.  Tin's  fall  took  place  in  the  Knsenherg-j 
detaching  the  summit  called  the  Knippcnhoiil,  to- 
gether with  a  portion  of  the  adjoining  ground.  FulliDg 
into  the  valley  which  separates  the  Lake  of  Zug  from 
that  of  Lawertz,  and  intti  the  latter  lake,  it  produced 
an  iantulntion  which  caused  a  great  dcBtruction  aniong 
the  houses  and  the  population ;  obliterating  at  the 
aame  time  a  large  portion  of  the  lake.  The  plain  is 
now  covered  by  a  hill,  a  hundred  feet  in  height,  and  a 
league  and  half  in  length  and  breadth.  In  this  case 
also,  the  cause  was  of  the  same  nature,  originating  in 
a  lake  situated  above  Spietsilen.  ■■• 

It  18  unnecessary  to  describe  the  minor  events  of  the 
same  nature  which  have  occurred  in  our  own  country, 
as  the  causes  have  not  always  been  so  well  ascertained. 
But  it  ought  to  be  added,  that,  in  the  Alps,  great 
devastation  is  sometimes  produced  by  the  snddcn 
eruption  of  lakes,  caused  by  the  wasting  and  bursting  of 
their  barriers ;  instances  of  which  have  Ijeen  noticed 
by  Dc  Luc  and  by  Saussurc. 

In  terminating  this  subject,  it  mtist  now  be  re- 
marked, tbat  the  progress  of  disintegration  and  de- 
composition is  resisted  by  vegetation,  and  hy  the 
accumulutiou  of  alluvial  soil ;  as  it  fnrtbcr  is,  in  the 
?owcr  lands,  by  the  diminution  of  the  power  of 
gravity,  and  by  the  gnidually  diminishing  ratio  of  the 
other  active  powers  of  destruction.  Thus  it  has  bceu 
remarked  by  Dolomieu,  that,  in  the  Lipari  isles,  tho 
volcanic  fragments  arc  first  arrested  by  the  vegetation 
of  shrubby  plants,  until,  finally  consolidated  by  a 
■ore  minale  vegetation,  they  become  a  firm  and 
Permanent  covering  to  the  mountains.  In  a  similar 
manner,   in  Sky,  the  dense  coat  of  peat,  impermeable 
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alikfi  to  air  and  water,  protects  from  further  waste, 
that  decomposed  trap  which  would  otherwise  shortly 
be  hurried  into  the  sea  by  tlie  rains  of  this  watei 
rliniatc.  But  here^  that  which  might  benefit  maj 
also  injure ;  as  the  rocks  capable  of  producing  fertil 
soils  when  exposed,  such  as  the  limestones  and  traps 
arc  thus  excluded  from  the  reach  of  destnictive  bi 
nsefnl  agents,  till  the  labonr  of  man  leurns  to  co-' 
operate  with  the  designs  of  nature. 

In  all  these  operationsj  we  trace  the  beneficent  ban( 
of  Nature,  which,  by  an  admirable  counterpoise 
the  causes  of  ruin,  supplies  from  the  higher  landi 
that  which  the  daily  operations  of  the  rains  are  re- 
moving from  the  lower.  Wherever  soil  is  removed, 
it  becomes  thus  replaced;  and,  if  not  from  the  higbci 
lands,  it  is  renewed  by  means  of  the  access  which  thej 
elements  obtain  to  the  rocks  beneath^  in  consec|nenc( 
of  the  removal  of  their  protecting  covering.  Thusj 
also,  where  the  destruction  is  greatest,  the  supply  be- 
comes proportionally  rapid;  preserving  that  state  of j 
perpetual  youth  which,  under  whatever  changes,  i»( 
still  present  in  all  the  works  of  Nature's  band. 

Thus  fer  the  processes  of  destruction,  or  tlie  decom- 
position and  the  disintegration  of  rocks,  have  been 
considered  under  their  simplest  modes,  and  as  they  re- 
late to  the  immediate  effects  which  follow  them,  namely, 
the  demolition  of  the  solid  land,  the  formation  of 
soils,  and  the  deposition  of  loose  materials  in  new 
situations.  It  remains  to  examine  some  pccuharities 
in  the  process  of  decomposition,  which  are  interesting 
to  the  geologist  in  another  point  of  view;  being  re- 
markable, partly  from  their  singularity  and  the  dif- 
ficnltyof  explaining  them,  and  partly  from  discovering 
to  us  some  peculiarities  in  the  concretionary  structure 
of  rocks,  that  would  not  otherwise  be  conjectured. 
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Of  the  Desquamation  uf  Hocks. 

It  is  well  known  that  many  rocks  of  tbe  trap  fami- 
ly, undergo  a  process  of  iles(|uamation  after  a  lon^ 
exposure  to  air,  and  are  thus  gradually  re&olved  into 
crusts,  which  continue  to  fall  ufi*  iu  succession,  at 
length  mouldering  into  clay.  The  same  appearance, 
although  more  rarely,  occurs  also  in  granite ;  and,  in 
both  cases,  it  has  he<m  conceived  to  depend  on  an  in- 
ternal concretionary  structure,  and  to  indicate  the 
mode  iu  which  the  constituent  parts  of  the  rock  are 
arranged,  which,  however  invisible  iu  the  fresh  frac- 
tnre,  is  thus  rendered  evident  by  the  progress  of  de- 
composition. In  tlie  case  of  the  columnar  traps, 
whether  basalt  or  greenstone,  this  desquamation  of- 
ten proceeds  in  such  a  manner,  from  the  circumference 
of  a  joint  towards  the  centre,  that  the  result  is  a  sphe- 
roidal body. 

This  effect,  compared  with  the  spheroidal  concre- 
tionary stmcture  which  is  known  to  take   place  in 
basalt  artificially  fused,  has  appeared  bufficient  tujnsti-j 
fy  the  general  conclusion   that    all  appearances  of  a 
similar  nature  depend  on  the  same  canse;  ami,  by   al 
slight  addition,  it  has  been  held  sufficient  also  to  ac- 
count for  the  jointed  and  columnar  structure  of  the' 
rock  iu  which  it  occurs,     'llic  result  of  a  more  carcfulJ 
examination  has  been  to  prove,  that  two  causes,  per-l 
fectly  distinct  from  each  other,  operate  in  producing 
the  same  effects;  and  a  detail  of  the  facts  in  (pietttion 
will  not  only  serve  as  a  caution  against  the  univeriial 
adoption  of  a  well-known  rule  in  philosophizing,  but 
to  record  an  interesting  circumstance  in  the  history  of 
the   rocks  iu   which    these    appearances    have  been 
observed. 
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Cff  the  DesquamaiUm  of  Granite. 

In  some  columns  of  rod  granito  brought  from 
Lcptis  in  Africa  and  lutely  in  the  British  niUHoinii, 
the  .shafts  are  in  the  act  uf  desquamation;  casting  oil' 
crusts  similar  to  those  which  arc  oeeasiuualiy  seen  in 
naturai  blocks  of  granite,  and  equally  rcacmbling, 
except  in  their  superior  integrity,  those  which  are 
found  on  the  surfaces  of  the  cohimnartrap  rucks  after 
exposure  to  the  weather.  It  is  obvious  that  the  form 
of  the  shafts  can  bear  no  relation  to  the  original  forms 
of  the  blocks  of  granite  from  which  ihoy  had  been 
wrought;  and  it  necessarily  follows,  that  this  desqua- 
mation can  not  depend  on  an  interual  coucretionary 
structure,  but  must  have  resulted  from  the  action  of 
the  weather  on  the  exposed  surfaces. 

It  is  worthy  of  remark,  that,  in  this  case,  the  de* 
tachcd  crust  is  not  decomposed,  aud  that,  except  in 
tenderness  and  fragility,  it  appears  scarcely  changed 
from  its  natural  state.  Nor  is  any  strutuni  of  clay  or 
dfrompOAcd  matter  found  at  th6  place  where  the  crust 
separates  li'om  tlie  solid  block;  at  least  none  snch 
was  fonnd  iii  the  jdaecs  which  I  had  an  opportunity 
of  examining. 

The  decomposition  of  rocks  has  in  most  cases,  and 
'ti\t\\  justice,  been  attributed  to  changes  in  the  state 
of  the  iron  entering  into  them;  but  it  is  evident, 
that  neither  this,  nor  the  other  causes  which  have 
been  supposed  to  produce  that  cft'ect,  are  capable  of 
«xp1ainiug  the  very  singular  process  in  (juestiou ;  us 
[It  is  not  conceivable  how  tlie  ordinary  action  of  the 
nlmosphere  shoidd  aflect  the  interior  part  of  the  slont^ 
■while  tiie.  surface  more  immediately  exposed  to  its 
agency  has  escaped.     Now,  in  examining  witJi  attcHr 
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pull  tbo5e  cases  in  nature  where  the  same  procosi 
'takeji  place  on  the  exposed  surfaces,  it  wil!  he  found 
that  the  desquamation  of  the  prisuiutie  ur  euboidai 
lasses  of  grauite  which  are  susceptible  of  this  cliungc, 
tea  place  all  round  the  surface,  respecting  soine 
pmaginary  point  or  centre,  and  promising,  in  the  pio- 
[ress  of  time,  to  reduce  the  wliolc  to  a  sumtler  and  more 
>)teroi(kl  mass.  Hence  uo  eoneIu$iou  cau  be  drawn 
to  the  cause;  siuce  tho  desijuamatiou  luay,  iu  this 
iact  l>e  either  the  result  of  an  internal  coucretionary 
ind  laniiuui*  structure  respceliiig  one  centre,  or  the 
consequence  of  a  process  similar  to  th.it  occurring  in 
(he  cohinuis  of  Leptis.  'i 

But  iu  examiuiog  other  cases  of  desquamation  iu 
tgranite,  a  different  appearance  will  be  obscn'ed.  In 
fhese,  it  may  l>e  seen  tliat  a  single  block  desquamates 
a  manner  so  complicated  that  no  parallelism  is  main- 
tained between  the  surfaces  of  the  stones  and  tlie 
[crusts;  and  as,  iu  some  eases,  such  blocks  arc  so 
thoroughly  softened  as  to  admit  of  being  cut  by  a 
spade,  it  is  not  difficult  to  diM^over  that  more  than 
>nc,  or  evea  two  ccaties  of  deijqUiimatiou,  exist  ia.A 
Magle  mass;  the  surfaces  of  the  di0'ercnt  spheroids 
interfering  and  cxinipressing  each  other  where  they 
pome  into  contact;  and  tho  iutermediate  parts^  which 
still  re<juiret(  to  fill  up  the  solid,  cousisting  of 
leficicut  portions  of  crusts,  respecting  one  or  other 
of  the  approximate,  imbedded  or  intemal  spheroids, 
[t  is  evident  that,  iu  these  instances,  the  effect  could 
lot  have  resulted  from  the  acttou  which  produced 
je  crusts  on  the  columns  just  described;  but  that  it 
lufit  have  been  determined  by  other  causes,  depending 
ju  an  interior  structure,  the  existence  of  which  lias 
ilready  been  pruveil.     Thus,  two  distinct  causes  act 
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ill  producing  the  descjuuination  of  granite;  and  as,  id 
cuboidal  blocks,  it  cannot  be  dclerinined  to  which  of 
lliese  tlie  ctFect  must  be  assigned,  the  same  difficulty 
often  occurs  in  those  cases  wliere  the  desquainatiou 
takc8  place  in  straight  laminae.  This  is  the  rase  of 
Bchistosr  granite,  as  it  has  been  termed. 

I'he  island  of  Arran  affords  very  accessible  exam- 
ples of  this,  and  it  ts  disposed,  most   generally,  in 

[Extended  laminae  of  large  dimensions,  but  is  aUo  occa- 
sionally prismatic.  The  forcible  fracture  of  these 
blocks  does  not  detect  the  slightest  indication  of  a 
laminar  strncture  ;  and  there  is  no  foliated  disposition 
in  the  integrant  parts  uf  the  rock,  which  can  account 
for  this  des<[uaniation  ;  as  it  does  not  l>car  the  slightest 
resemblance,  even  to  granitic  gneiss. 

The  detached  laminae  are  not  less  tenacious  than 
artificial  ones  of  the  same  thickness  would  be ;  ap- 
pearing indeed,  in  every  respect,  perfectly  natural. 
Neither  do  their  surfaces  exhibit  any  signs  of  decom- 
position ;  being,  on  the  contrary,  brilliant  and  clean, 
as  if  cut  by  art.  The  same  cleanness  and  freshness  of 
both  the  surfaces  in  contact,  are  found  where  the 
laminie  and  the  block  are  separated  ;  nor  is  there  any 
loose  matter  generated,  nor  any  appearances  of  de- 
composition in  the  plane  which  disjoins  them.  The 
thickness  of  the  laininse  varies  from  one  eighth  to  a 
quarter  of  an  inch,  bat  they  are  seldom  uniform,  in 

[this  respect,  throughout. 

From    the  nature  of  the  desquamating  crusts,  it 

"hiight  be  supposed  that  this  case  resembled  that  of 
the  colnnins  ;    bnt,  in  this  granite,  the  desquamation 

itnkes  place  only  on  that  snrface  which  is  parallel  to 

the  chief  planes  of  the  great  laminie  of  the  rock,   and 
-not  on  the  sides  of  the  prisms;   whence  it  is  probable 
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that  the  grt»at  roncrptionary  stnicturc  whicli  foriiio*! 
ftlio  large  lamina!,   is  also  the  canse   whicli   inSuciiccd 
the  tlesi|UMiimtion  of  th(>  small  one. 


Of  the  Desqunmat'um  of  Trap. 

It  ivill  next  bo  seen,  that  althotij^h  some  of  the 
examples  of  this  occurrence  in  the  trap  rocks,  are 
truly  dependent  on  the  concretionary  structure,  others 
ire  OS  unquestionably  the  result  of  actions  similar  to 
hose  which  produce  the  desquamation  in  artificial 
'blocks  of  granite.  Thus  they  confirm  the  views, 
already  held  out,  of  one  common  eft'ect  proceeding 
from  two  <'au8es  ;  while  they  also  offer  another  ana- 
logy, to  add  to  the  numerous  resemblances  which 
exist  between  granite  and  the  r(»ek3  of  the  Trap 
family. 

In  the  columnar  trap.s,  whether  basalt  or  green- 
■lone>  the  crusts  fall  off  in  succession,  in  snch  a 
manner  that  the  angular  or  prismatic  form  at  length 
disappears ;  and  the  tdtiniutc  result  is  therefore  n 
spheroidal  body,  destined  finally  to  be  also  resolved 
into  clay.  It  most  frequently  Ituppens,  that  as  the 
crusts  arc  separated,  they  also  fall  to  pieces,  or  be- 
romc  loose  clay ;  but,  occasionally,  they  retain  a 
considerable  degree  of  tenacity ;  although,  by  the 
'Changes  of  their  colour  from  the  natural  dark  bhie  to 
broM'D,  it  is  evident  that  the  iron  has  undergone  a 
chemical  alteration  ;  being  converted  from  protoxyde 
to  rust. 

Where  similar  rocks  possess  a  rndc  and  imperfect 
prismatic  structure,  the  same  effects  also  take  place  ; 
thr  surfaces  of  the  prisms  desquamating  in  such  a 
manner  as  to  leave  a  congeries  of  spheroidal  or  ellip- 
soidal bodies,  destined,  in  the  same  way,  to  l)«  ulti- 
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inately  resolved  into  loose  earth.  But  these  changes 
are  not  limited  to  prismatic  trap  only,  since  they 
occur  in  other  Jind  different  foruitj ;  being  attended 
with  the  same  final  result,  wlmtcvcr  the  shape  of  the 
block  may  have  been,  namely,  the  ultimate  production 
of  spheroids. 

Although,  m  some  of  these  instanres,  it  might  be 
imagiiifd  tliat  the  efteit  of  desquamation  was  pro- 
duced, as  in  the  rase  of  the  artificial  granite  culiimn!i, 
hy  the  exposnre  of  the  surfaces  to  the  air,  it  will,  1 
heU«v0,  be  found  that,  in  nearly  all,  they  trnly  depend 
on  an  intf*rnai  concretionary  structure. 

'I'hc  chief  argument  for  this  opinion  will  be  found 
to  consist  in  the  effeetfl  which  take  place  in  those  traps 
that  arc  not  jouited,  as  well  us  in  those  masses  which 
affect  a  prismatic  fracture  without  being  ubsolalely 
divided  into  pri:*matio  forms.  In  these,  as  in  some 
of  the  cases  of  exfoliating  granite,  the  desquamation  is 
'OB'A'  complicated  nature,  referring  to  inore  tliau  one 
centre.  Thus,  in  a  single  unjointed  prism,  the  same 
rcsnlt  takes  place  as  in  those  with  joints;  nunieroas 
spheroids  being  discovered  in  its  length,  resulting  from 
the  progress  of  desquamation.  The  same  eftc^  is 
pit»duced  in  those  irregular  masses  which  are  cliarac^ 
terized  merely  by  a  prismatic  fracture ;  as  the  exfolia- 
tion commences  in  many  different  places,  referable  to 
different  central  points,  so  as  to  leave,  in  tiic  same  way, 
a  number  of  spheroidal  bodies  imbedded  in  a  mass  of 
loose  crusts  and  clay.  It  is  further,  indeed,  often  to 
be  observed,  that  in  cuboidal  or  otherwise  irregular 
blocks  which  have  neither  prismatic  form  nor  ten- 
dency, there  are  several  centres  of  exfoliation:  nn- 
inerous  halls  being  thus  finally  extricated  from  a  tingle 
solid  block,  of  which  nil  the  surfaces  are  equally 
exposed  to  the  action  or  contact  of  the  atraosphenc. 
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It  fnuat  non-  be  observed  on  the  other  haiid,  timt 
masses  aud  fragments  of  trap,  whieb  havft  received 
their  forms  by  art  or  accident,  sometimes  ahow  the 
same  tendency  to  exfoliation  on  all  the  exposed  sur- 
faces; into  vhntevcr  fumis  they  may  have  been- 
broko),   and    whatever  their  size  may  be.      in    the 

aller  fragments,  the  process  bus  sometimes  been. 
carried  so  far  as  to  leave  soUd  bulls  covered  with  a: 
snccbsuion  of  crusts  easily  detached.  It  is  plain  that, 
in  the  case  of  irregular  iiagnients  su  formed,  no  con- 
cretionary structure  can  be  suspected ;  as  it  is  not 
within  the  Hmits  of  possibibly  that  they  should  have 
been  broken  from  the  larger  masses,  id  a  fortuitous 
manner,  and  so  that  the  centre  of  the  fragments 
should  have  coincided  with  a  concretionary  centre. 

It  will  render  this  subject  more  complete,  to  extend 
this  inquiry  to  the  case  of  the  schistose^  or  laminar 
tr^ :  a  subject  which  has  either  been  neglected  or 
much  misapprehended. 

'Ilie  tendency  to  flat  hiuunar  exfuliatiun  on  the 
surfaces,  is  more  common  in  the  rocks  of  this  exten- 
sive family,  tbno  the  spheroidal,  since  it  occurs  iu 
every  species  that  I  have  examined;  whereas  the  latter 
is  rarely  found  except  in  basalts  iind  greenstoites.  The 
internal  fiat  laminar  structure  which  is  independent  of 
the  agency  of  the  utnii>apliere,  seems  also  to  exist  iu 
a  greater  numln'r  of  species  tlian  the  splicroidal  con- 
cretionary foiin  does. 

lliis  species  ol"  cxfoUation  of  the  surface  of  trap, 
oreurs  in  so  many  parts  of  the  Western  Islands  of 
Scotland,  that  it  is  unnecessary  to  particularize  (h^ 
instances.  Ju  one  or  two,  it  is  fotuid  in  a  claystone 
of  a  columnar  form  ;  the  cxfoliittion  being  at  right 
_  angles  to  the  axis  of  the  prism.  There  arc  rarely 
I  • 
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more  that!  the  indications  of  three  or  four  divtaionu  ; 
not  above  one  or  two  of  these  being  lo  far  separated 
as  to  admit  of  being  removed,  and.  the  deeper  pai-ts  of 
the  rock  remaining  unaffected,  so  that  this  structure 
cannot  be  inferred  to  pervade  the  whole.  As  the 
irregular  rocks  are  mnch  more  common  than  the 
colunmar,  the  instances  of  schistose  exfoliation  are,  in 
these,  similarly,  nmre  frequent. 

Among  the  different  kinds,  the  only  one  which 
presents  a  large  laminar  disposition  analogous  to  that 
of  granite,  is  Hypi^rsthene  rock.  In  this,  the  exfohu- 
tion  sometimes  occurs  on  the  snrFuce  ;  but  it  is  always 
limited  to  one  scale  or  lamina,  whieh,  in  its  thickness 
and  tenacity,  and  in  the  general  appearance  at  the 
plane  of  separation,  exactly  resembles  that  which  is 
produced  in  the  schistose  granites. 

Few  marks  of  such  a  large  laminar  disposition  are 
to  be  obsened  in  the  Syenites,  claystoues,  and  clink- 
stones, or  in  the  porphyries  derived  from  the  two 
latter  rocks;  though  Mull  presents  some  remarkable 
exceptions.  No  relation  can  therefore  be  inferred 
between  the  direction  of  the  exfoliation  and  that  of  a 
larger  mass;  and  accordingly,  we  can  only  conclude 
that,  whatever  surface  is  thus  found  exfoliating,  the 
direction  of  this  change  relates  to  that  of  the  exposed 
surface.  Yet  as  these  rocks  seldom  exfoliate  in  two 
directions  at  any  one  place,  it  is  probable  that  this 
tendency  does  actually  bear  some  relation  to  the  inter- 
nal structure  of  a  mass,  though  no  other  indications 
of  it  we  visible.  That  such  a  structure  does  occnr  in 
many  traps,  is  an  argument  in  favour  of  this  opinion. 

The  number  of  sncccssivo  Imuinu?  which  may  be 
detached  from  un^  of  the  rocks  last  named,  is  various; 
but  I  know  not  thai  it  bears  any  constant  relation  to 


the  species.  I  have  observed  only,  that  wlu^n  they  do 
occur,  they  are  more  numerous  in  the  softer  rlay- 
Btones  tlian  in  the  Syenites,  or  in  the  rocks  with  a 
base  of  clinkstone.  If  one,  two  or  three,  can  be 
detached  in  succession,  that  facility  aooa  ceases ; 
and,  after  some  partial  indications  of  future  desqua- 
ntalion,  the  rock  is  found  to  be  massive,  and  to  ^ive 
no  marks  of  the  future  renewal  of  a  similar  process; 
thouc^h  there  c^n  be  little  doubt  that  it  will  continue 
in  succession,  as  the  preceding  laminte  become  de- 
tached. Such  laminae  g^cuerally  present  the  same 
average,  but  variable  thickness,  already  mentioned. 
The  surfaces  are  also  occasionally  undulated  or  irre- 
gular, and, 'in  a  few  instances,  >ilightly  curved.  From 
preserving  the  tenacity  of  stone,  it  is  generally  sup- 
posed that  they  are  unchanged,  and  that  they  present 
the  natural  characters  of  the  rock  to  which  they 
belong.  Ktit  this  is  not  the  fact ;  and  they  will  he 
found,  in  this  important  circumstance,  to  differ  essen- 
tially from  those  lamina  which  pervade  the  interior 
of  veins,  and  which  arise  from  an  interna]  concre-i 
tiouary  structure.  :    "i'^ 

The  deception  has,  in  these  cases,  arisen  from  the 
great  depth  already  noticed,  to  which  the  rocks  of 
this  family  are  sometimes  afl'ected  by  the  weather 
without  losing  their  tenacity  ;  undergoing  little  ap- 
parent change  but  that  of  colour.  Hence  the  soHcJ 
parts  of  such  rocks,  when  broken,  even  below  the 
exfoliating  surfaces,  will  be  found  to  present  the 
same  appearance  as  the  detached  scales.  But  if  a 
deeper  section  be  made,  it  will,  1  believe,  invariably 
be  observed,  that  the  natural  state  of  the  rock  ii 
different,  and  that  the  process  of  exfoliation  ha* 
arisen  from  a  partial   decojuposition.      To  a  miicon- 
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ception  of  the  nature  of  this  phcnomenoii,  wc  are 
incWbted  for  the  very  improper  term  Porphyry  slate, 
and  the  much  more  improper  distinction. 


Of  the  Desquamation  of  micaceous  Schut 

Whatever  difficulties  may  appear  to  exist  in  ex- 
plaining these  appearances,  they  are  exceeded  by  a 
similar  one  in  Micaceous  schist ;  although,  hut  one 
example  of  this,  has  occurred  during  my  researches. 
It  is  in  the  lai^e  block  known  by  the  name  of 
Ossian's  tomb,  which  lies  in  Glen  Almond. 

Although  this  stone  bears,  on  all  the  surfaces, 
those  slight  marks  of  decomposition  so  well  known 
in  micaceous  schist,  which  consists  in  the  rusting  of 
the  iron  in  the  mica,  it  is  only  on  one  side  that  the 
peculiar  effect  in  tjuestion  has  taken  place ;  being 
that  on  which  the  wind  and  rain  beat  with  most  vio- 
lence. From  nearly  the  whole  of  this  surface,  scales 
of  the  rock  can  be  detached  ;  scarcely  differing  in 
tenacity  and  hardness  from  the  original  stone,  and 
thus  resembling  those  whicli  exfoliate  from  the  gra- 
nite colnmns.  Their  thickness  varies  in  different 
parts,  from  the  sixth  of  an  inch  to  nearly  the  half  j 
and  they  may  be  oI)tained  in  plates  of  considerable 
extent.  At  the  planes  where  they  separate  from  the 
mass  of  the  rock,  no  murks  of  decomposition  arc 
visible ;  both  the  surrut*es  being  clean  and  smooth,  as 
if  cut  by  a  sharp  tool. 

There  is  here  also  asucccKsion  of  simitar  operations 
visible.  At  some  former  period,  the  plates  first  de- 
tached have  in  some  places,  fallen  off,  so  ns  to  leave 
a  new  surfncc  exposed ;  and,  on  this,  the  same  dc- 
s<(UumatiDii  has  again  tidcen  pbcr,    so  that,    in  6omc 


parts,  two  successive  plates  can  be  separated.  lu 
other  placc5,  it  is  apparent  that  the  progress  is  aliout 
to  be  completed  at  some  future  period;  the  edge  of 
the  scale  just  admitting  a  knife,  but  it  being  a&  yet 
possible  to  detach  only  a  small  portion  at  the  margin. 
Sometimej*,  there  is  even  an  indication  of  a  tliird 
scale  :  leaving  no  doubt  that,  in  a  sufficient  length  of 
lime,  the  same  process  may  be  expected  to  take  place 
through  the  whole  block,  should  the  same  external 
circnmstanccs  continue  to  act. 

This  fuct  would  Iiavc  been  in  no  respect  remark- 
able, if  the  desquamation  bad  taken  place  in  a  di- 
rection parallel  to  the  laminar  structure  of  the  stone. 
Bot  it  occurs  at  considerable  angles  to  that,  so  as  to 
produce  a  scale  or  slate,  which  consists  of  parallel 
bands  of  ((uurtz  and  juica:  both  of  them  remaining 
unchanged,  as  in  the  solid  rock,  but  easily  separated, 
in  con5e<(uence  of  the  fragility  of  the  micaceous  band. 
It  is  evident  therefore,  that  in  this  instance,  the  de- 
squamation is,  not  only,  not  produced  by  the  peculiar 
structure  of  the  rock,  but  is  utterly  indepeudcut  of 
it.  Under  the  same  circumstances,  it  might  equally 
the  expected  to  occur,  either  in  a  mass  of  pure  quartz 
[rock,  or  in  a  micaceous  schist  of  a  more  simple  and 

lomogencous  natui-e ;  and,  in  this  latter  case,  the 
list  might  des<juuiuate  at  angles  to  its  £ssile  ten- 
dency. Such  an  occurrence  would  excite  surprise ; 
but  there  is  no  apparent  reason  why  it  might  not 
happen  in  either  of  these  rocks  in  a  separate  state,  as 
f|t  does  here  where  they  arc  intermixed  in  distinct 
laminx. 

The    peculiar    circumstances    of    predomiuaut  ex- 

losurc  to  the  weather  ou  the  one  side  of  this  rock 
rhere  the  desquaumiion  takes  place,   contribute  to 
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prove,  still  more  clearly  than  in  uiimy  uf  the  instauces 
formerly  emimerated,  that  the  wholo  of  this  process 
is  causeH  by  the  action  of  the  atmosphere  and  the 
rains.  However  mysterious  it  may  at  present  appear, 
it  19  the  result  of  some  chemical  agencies  which  can- 
not for  ever  be  concealed.  How  far  it  may  be  coa- 
nected  with  any  circumstances  of  the  same  nature 
more  generally  interesting,  it  is  impossible  to  foresee. 
But  like  ail  new  facts  in  an  obscure  science,  it  is 
worthy  of  record.  lu  multiplying  the  examples  of 
dilHcuItics  and  obscurities,  they  Ijecomc  gradually  re- 
moved from  the  list  of  exceptions ;  while  the  varieties 
which  are  discovered  in  them  on  the  comparison  of 
many  examples,  sometimes  point  ont  the  causes 
which  have  infiuenced  the  whole. 

Of   some  peculiar   Modes  of  Deco7npfmtifm  in  the 
Rocks  that  have  a  venous  and  cctvernoua  Structure, 


It  was  formerly  remarked,  when  on  the  subject  of 
internal  structure  in  rocks,  that  the  existence  of  a 
venous  and  reticulating  arrangement  in  the  parts  of 
granite  and  of  some  other  rocks,  was  detected  only 
by  the  consequences  of  decomposition.  This  ap- 
pearance is  more  commoa  and  more  easily  obHcvved 
in  granite  than  in  any  other  rock,  but  it  uUo  occurs 
in  gneiss  and  micaceous  schist.  Wherever  it  happens, 
the  surfaces  exposed,  cither  to  the  weather  alone,  or 
to  that  in)f>erccptible  friction  whicli  is  caus^xl  by  the 
tread  of  animals,  the  motion  of  water,  or  other 
slighter  actions,  are  corroded  into  shallow  and  un- 
equal cavities  ;  the  boundaries  and  forms  of  whicli 
are  determined  bv  the  casual  reticulations  of  the 
harder  and  marc  refractory  veins  by   which  the  rock 
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is  interscrted.  In  many  places  iti  Abeidceiiiiliirc, 
where  ihc  whole  mass  of  granite  has  drouinposeil 
together,  in  the  manner  hereafter  dcseribcd,  the  per- 
manence of  these  veins  produces  very  remarkable 
appearances.  While  uU  the  siirruiiiuliii^  ruck  in 
converted  into  clay  and  ffravcl,  the  veins  rciniLia  en- 
tire, and  may  be  removed  in  solid  pieces  of  consi- 
dcrnhle  dimensions  resembling  states. 

The  oval  or  oblong  cavities  which  are  occasionally 
seen  in  many  of  the  stratiBrd  rocks,  and  which  sonic- 
times  strongly  resemble  the  human  footstep,  seem  to 
belong  to  tbc  same  cause.  A  most  rcmarkal>lc  in- 
stance of  these  is  seen  at  the  entrance  of  Loch 
Craignish  on  the  west  coast  of  Scotland,  where  a 
double  and  alternating  row  is  prolonged  for  some 
distance,  in  a  variety  of  chlorite  »chist,  in  a  manner 
so  actruratc  as  to  represent  a  series  of  the  foot-prints 
of  an  iudividaal.  In  limestone,  similar  marks  are 
familiar,  and  they  also  occur  in  clay  slate,  in 
Galloway. 

Tlic  decomposition  of  the  secondary  sandstones  is 
often  attended  by  a  great  number  of  extraordinary 
appearances  licsidcs  that  above  named ;  the  conse- 
rpicnccs  of  internal  structures  which  conld  not  he 
suspected,  and  of  which  the  fracture  of  the  unaltered 
rock  gives  no  indications.  The  spheroids  of  Kgg, 
often  reaching  to  three  feet  in  diameter,  are  disco- 
vered only  by  the  crumbling  of  the  including  portions; 
and,  in  Arran,  a  minute  structure  of  the  same  nature 
is  found,  covering  the  surfaces  which  are  exposed  to 
the  wash  of  the  sea.  On  the  shores  of  Fife,  and 
elsewhere,  the  same  process  detects  the  existence  of 
small  cylindrical  hollies  placed  in  parallel  order  at 
right  angles  to  tbc  planes  of  the  beds;    as  if  coluuicb 
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of  the  Luiubricus  inariiins  had  been  petrified  in  their 
holM  during  the  same  process  which  converted  the 
sands  of  former  sea  short's  to  stone.  The  vi^ry  nnar- 
couutablc  and  regular  schistose  structure  of  the  sand- 
stone of  Strathaird  in  Sky,  is  equally  inWsiblc  ou 
breaking  the  fresh  rock.  But  where  it  is  exposed  to 
the  action  of  the  sea,  or  to  that  of  the  winds  and 
rains,  the  edges  of  the  more  durable  himinae  protnule 
in  regular  relief;  covering  the  faces  of  the.  cliffs  with 
a  eontinnons  architectural  ornament.  It  ia  worthy 
of  remark  that,  in  this  instance,  the  influence  of  the 
associated  trap,  which  has  in  some  places  indurated 
the  original  rock  to  the  total  destruction  of  its  uatnral 
characters,  has  not  succeeded  in  obliterating  this 
pccuUar  structure ;  and  if  the  grooves  in  the  natural 
rock  are  deep  enough  to  receive  the  hand,  their  ap- 
pearance in  the  altered  one  is  rendered  only  more 
artificial  by  their  resemblance  in  depth  and  form  to 
the  finest  flntings  of  the  Corinthian  column. 

But  the  capricious  resemblances  to  architectural 
decoration  which  sometimes  occur  during  the  wasting 
of  these  sandstones,  arc  no  less  various,  than  they  are 
ornamental  when  they  are  found  in  the  stone  which 
has  already  entered  into  the  structure  of  a  building. 
Our  antient  castles,  in  many  places,  will  furnish  ex- 
amples of  this  nature  which  cannot  have  escaped  the 
notice  of  the  artist  and  antiquary,  more  than  that  of 
the  Geologist-  So  fortunately  arc  they  sometimes 
placed,  and  so  mnch  do  they  conduce  to  the  nrna- 
uicnt  of  the  walls  where  they  exist,  that  it  is  diAicult 
at  first  sight  to  avoid  imagining  that  they  have 
rorine<l  part  of  the  architect's  design,  and  are  not 
actually  the  hatchings  and  vcrniiculations,  the  nislir 
work  of  the  mason's  eliisel.      Natuie  here  sports  in 
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emnlating  the  works  of  art,  if  indeed  art  has  not  in 
this  instance  borrowed  from  Nature.  They  who  have 
amnsed  themselves  in  tracing  the  origin  of  the  Co- 
rinthian capital  to  the  casual  coincidence  of  a  plant 
and  a  basket,  will  find  even  less  difficnlty  in  deducing 
from  the  natural  wasting  of  sandstones,  those  rustic 
baseroentB  which  have  never  yet  equalled  it  in  variety 
and  artifice  of  design. 
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CHAP.  XIV. 

On  the  particular  Order  of  Succession  among  liticks.  \\ 


•If 


It  had  been  so  often  and  so  eonfidcutly  said  that 
a  drfiuito  and  constant  order  of  succession  existed 
lliriMighnut  all  rocks,  that  it  had  passed  into  an  axiom 
in  fj^ology.  Time  has  not  yet  dissipated  this  phantom, 
though  it  13  i^radually  fading  from  among  the 
realities  in  which  the  science  abounds.  As  tliere  are 
few  among  the  dogmas  of  geologists  which  have  more 
i'ontrilnited  to  impede  the  progress  of  investigation, 
it  will  be  useful  to  examine  the  grounds  on  which  it 
still  liolds  its  place.  The  first  step  in  forming  a  Hmi 
foundation  is  to  remove  the  tottering  materials  of  the 
old  one. 

As  tlic  doctrine  of  unhersal  formations  is  in  a  great 
measnrc  implicated  in  this  hypothesis^  the  same  ex- 
amination ivill  serve  to  try  the  tnith  of  both.  Such 
also  arc  the  catenations  of  hypotheses,  that  I  must 
rcjnally  notice  that  branch  of  the  same  theory,  which 
asserts  that  the  successive  rocks  are  found  to  terminate 
at  lower  levels  above  the  mean  surface  of  the  earth, 
in  an  order  corresponding  to  that  of  their  superposition 
or  formation. 

As  also  it  is  held  to  he  unfair  to  examine  part  of  a 
theory  separated  from  its  connexions  with  the  re- 
mainder, it  mast  be  remembered  that  in  this  one  it  is 
asserted  that  no  extensive  denudations  of  the  surface 
have  taken  place,  parti<'ularly  in  anticnt  rimes. 

In  slricmess  of  meaning,  the  term  universal  forma- 
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lions  implies  that  every  rock,  from  the  lowest  gianite 
to  the  highest  trup,  surrounds  the  whoh>  c^h>hp.     The 
fresh  water  depusits  may  be  overlooked  in  fuvour  of 
tliia  theory,  as  they  have  been  discovered  since  it  was 
promulgated.       Every    rock   from    <;ranite    upwards, 
ought  therefore  to   he  found  in  every  place;  unlesa 
that  branch  of  the  general  theory  is  abandoned,  which 
deuieu  an  extensive  waste  and  removiil  of  the  super- 
ficiul  rucks.     Thus  this  Iiypulhesis  is  at  vurianee  witli 
faiH***  **■  ibe  very  outset;  since,  whatever   identical  or 
ttuftlogoiiii  rocks  may  exist  extensively  in  many  parts  of 
the  world,  no  one  is  universally  continuous.  If  the  term 
universal  formations  means  only  that  the  same  rocks 
oecnr  in  many  difTerent  places,  it  does  not  fultil  whst 
it  professes,  and  the  term  of  general  uiiulogies  would 
better  express  its  real  meaning.     But  if  every  advan- 
tage be  given,  by  admitting  the  doctrine  of  the  waste 
and  removal  of  rocks  from  the  surface,  it  is  then  only 
necessary  that  the  same  rocks  should  once  have  sur- 
rounded the  entire  earth.     Hence,  wherever  any  series 
of  siniihir   strata  exists  in  two  places,  they  should  he 
found  in  the  same  order,    and  no    interior   stratum 
«hould  in  any  place  be  absent.     That  this  is  not  the 
fact,  will   be  fully  shown  in  tlic  subsequent  remarks 
on  the  successions  of  rocks;  and  thus  the  doctrine  in 
4{uestiun  is  proved  to  be  in  every  way  unfouuded.  "Ifi 
examining  i  the  assertion  that  the  leveJs  of  the  most 
recent  rocks  diminish  gradnally   '\\\   absolute  height, 
in  the  direct  order  of  their  posteriority  or  superposi- 
tion, it  is  snlHcient   barely  to  mention  that  Cirunite, 
which  forms  the  summits  of  Mont  Blanc,  is  found  on 
the  sea  shores  of  England,  and  that  the  limestone   of 
the  aairie  siiores  is  found  on  the  Jura.     In  the  same 
way  conchiferous  limestone  occurs  at  14,(MM)  feet  above 
the  level  of  the  sea  in   Pent,  and  gneiss  occupies  the 


ON    TH«   PARTICULAR   ORnEff   -OP 

lowest  trarts  of  Scotland  and  the  Baltic.  But  the 
history  of  tlic  successions  of  rorks,  as  tlipy  actually 
exist,  require  soiuc  further  detail. 

It  was  ouce  universally  believed  that  no  stratified 
rock  existed  IkjIow  granite;  bnt  if  this  subslanee  is  to 
be  defined  by  its  mineral  composition,  that  opinion 
is  unfounded,  since  I  have  already  remarked  that  such 
acompoundliea  above  couchiferous  limestone.  Never- 
iheless,  in  the  arran^cmcut  of  rocks  which  I  have 
adopted,  founded  chiefly  on  geological  position,  the 
original  opinion  is  retained;  an  arrangement  that 
will  not  be  objectionable  to  those  who  maintain  the 
doctrine  of  fixed  successions  and  the  universal  in- 
feriority of  granite. 


Of  the  general  Sticcesshns  of  HocJfs. 

It  ia  unnecessary  to  commence  these  remarks  by 
detailing  the  imagiuary  order  of  succession  formerly 
received.  Were  it  necessary  to  multiply  examples 
of  irregularity,  it  would  be  easy  to  refer  to  the  writings 
of  numerous  geologists.  They  who  are  inclined,  may 
consult  the  remarks  of  Ebel,  of  Breislak,  and  others.  I 
shall  here  limit  myself,  chiefly  for  the  convenience  of 
British  readers,  to  illustrations  drawn  from  our  own 
country,  and,  for  the  accuracy  of  which,  myself  and 
other  British  geologists  ninst  of  course  be  responsible. 

(iranite  is  succeeded  by  gneiss  very  geuenUly  in 
Abcrdeensbiie,  as  it  has  been  supposed  necessarily  to 
he  everywhere,  lu  the  same  country,  it  is  followed 
by  micju^eous  schist,  iis  It  is  in  Arran,  in  Upper  Lorn, 
and  in  many  other  places.  It  is  perhaps  of  litUe 
moment  to  say  that  it  is  often  succeeded  by  horn- 
blende schist,  us  this  rock  is  noted  for  its  versatility 
of  place;  but  in  various  parts  pf  Perthshire,  and  of 


tlie  mountainous  districts  of  Aberdeenshire^  it  is  fol- 
lowed by  quartz  rock,  as  it  is  also  br  primary  lime- 
stone. The  immediate  coutact  of  argillaceous  s<'hi!>t 
with  granite  in  Cornwall,  h  mutter  of  general  noto- 
riety; and  the  same  sefjncncc  h  found  in  Arran,  in 
the  Ifile  of  Mann,  and  in  Aberdeenshire.  i .( 

Jt  niuy  also  he  remarked  that,  in  many  cases,  there 
is  merely  an  irregularity  in  the  Order  of  succession, 
while,  in  othert,  one  or  mora  out  of  the  more  com- 
mon number  of  the  strata  arc  uliscnt.  lu  the  last  in- 
stance, for  example,  no  other  primary  stratum  than 
the  argillaccons  schist,  intervenes  between  the  granite 
and  the  more  recent  ones.  ,;i 

Bat  cases  also  occur,  in  which  all  the  prinmrj 
strata  arc  wanting- 

In  Aberdeenshire,  granite  is  found  to  lie  immediately 
followed  by  thelowest  sandstone  of  the  secondary  series; 
and  tlie  same  succession  is  found,  on  a  very  extensive 
scale,  on  the  eastern  shore  of  Caithness  and  Suther- 
land. It  is  still  more  remarkable,  that,  in  the  same 
neightiourhuod,  there  reposes  immediately  »n  j^rauite, 
a  series  contaming  coal,  which  is  generally  separated 
from  it  by  a  long  succession  of  intervening  strata, 
both  pn'mary  and  secondary;  being  that  of  the  ouhthe 
und  Lias. 

'  The  foundation  of  a  theory  of  regular  succession 
could  not  well  he  more  defective;  hut  it  will  be  proper 
to  examine  the  superstructure  a  little.  If  it  be  conunon 
to  hud  gneiss  succeeded  by  niiciiceoua  schist,  and 
that  by  argillaceous,  the  exceptions  are  so  numerous 
that  the  rnlc  is  of  no  value.  In  I'ertbshire,  gneiss  is 
not  only  succeeded  by  quartz  rock,  but  alternates 
with  it  in  endless  succession ;  while,  in  other  places, 
as  in  Shetland,  it  is  also  found  forming  a  pari  of  more 
than  one  extensive  scries,   in  altcrnaiion  with  t^uacu 
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roek*   and  with  argillaceous,  miciict^ous,   liornblciidpr 
;antl  chlorite  schUts;  to  omit  all  notice  of  serpentine 
and  diuUago  rock.     It  is   rcg;uhtrly   succeeded   by  ar- 
g^llnceoHH  schi>it   in   the    islands    which   skirt    Norlii 
ITist;  and  they  are  fonnd  together  in    lona,  in  dif- 
ferent pnrts  of  Rosssbire,  and  in  Sutlierlanil.     But  tu 
rCnt  Hhort  iin  enunienition  whicii  it  is  uscU's:>  to  pro- 
I  lon^,  ^neis!j  la  iniuicdiutely  fullnvved  by  the  old  rod  ^and- 
<  stone  throug'U  a  very  extensive  tract  in   Inveniessshire 
I  and  the    neighbouring   country;  and,  in  ]Vlor\'cu,  bya 
'series  resembling  that  oi' Sutherland, eonsiisting chiefly 
of  Lias  and  its  lignites,  orcoul,  iothe  exclusion  of  all 
the  inlenncdiato  sulistanccs.     Kveu  tlie  Trap  of  this 
last   district,  a  rock  confessedly  later  than    the  last 
secondary   stratum  that  exists,  reposes  here  on  the 
gneiss,  as  it  also  docs  in  Mull. 

Some  of  tlicse  examples  muy  be  considered  merely 
proving  the  omissions  of  particular  strata;  but 
[many  of  them  are,  in  fact,  irregularities  of  alternation. 
Lest  however  any  donbt  should  remain  respecting  the 
posjiihility  of  these  strata  being  actually  transposed, 
a  few  deci<led  examples  of  tliat  nature  may  be  quoted. 
Hornblende  schist  is  fonnd  alternating  with  every 
Tovk  in  the  whole  series,  as  in  limestone.  'ITie  same 
nearly  is  true  of  Argillaceous  schist  and  of  Diallagc 
rock.     In  Jura  and  the  adjoining  islands,  tjnartz  rock, 

nicaceous  schist,  aud  argillacc(nia  schist,  occur  in  an 
|iendless  succession   of  alternations;  and  to  these  arc 

idded,  in  Isla,  Gneihs  and  Liniestcme.  On  the  oppoi^ile 
coast  of  Argyllshire,  die  alternations  of  chlorite  schiat, 
niicuceous  schist,  C|UurtK  rock,  and  hornblende  schist, 
amount  to  many  thousands;  and  even  gneiss,  lime- 
stone, and  argillacuus  schist,  are  sometimes  added  to 
these  four.  The  term  suboidiuate,  it  is  true,  has  been 
invented  to  get  rid  of  iliis  objection,  as  1  »bali  pre* 


aetitly  notice  more  particularly;  hni  it  is  incuinbent  on 
the  inventors  to  explain  its  meaning,  anil,  if  it  tiaii 
one,  to  show  that  it  does  not  form  a  subterfuge. 

Whatever  analtigies  may  snb:»ist  between  some 
rocks  of  the  most  antient  and  others  of  the  most  recent 
dale,  such  as  between  the  limestones  in  both  classes, 
there  can  be  no  alternation  between  these  two  great 
divisions,  by  the  very  nature  of  the  admission  which 
constitutes  this  distinction.  h  remains  to  see  the 
nature  and  accuracy  of  the  order  in  which  the  secon- 
dary strata  follow  each  other. 

'I'here  are  but  three  distinct  and  principal  rocks  in 
the  secondary  series,  namely,  sandstone,  shale,  and 
limestone  ;  although  a  variety  of  circnmstances,  arising 
fron»  minute  changes  of  character,  relative  position,  or 
imbedded  fossil  bodies,  give  rise,  in  them,  to  many 
different,  and  often  very  constant  varieties.  If  these 
were  to  be  considere*!  merely  according  to  their  fun- 
damental distinctions,  the  result  would  be,  that  they 
are  repeated  in  every  possible  kind  of  disorder,  and  in 
endless  altcniations.  liut  to  give  the  subject  every 
advantage,  as  well  as  those  to  ivhich  it  is  really  en- 
titled, let  all  the  distinctions  that  have  been  made  be 
granted,  as  far  at  least  as  these  are  really  constant, 
and  as  far  as  they  arc  not  merely  dependent  on  place ; 
in  which  latter  case,  it  is  plain  that  the  whole  question 
would  Iw  resolved  into  a  pefitio  prlnvipU. 

Proceeding  on  this  principle,  we  find  that  a  parti- 
cular sandstone,  fre<]uently  red,  is  the  lowest  stratam 
in  the  secondary  scries.  I  have  already  shown,  how- 
ever, that  it  is  wanting  between  the  gneiss  and  the 
coal  series  of  Morvcn,  and  between  the  granite  and 
that  of  Sutherland.  It  does  not  exist  in  certain  parts 
of  Sky,  and  it  is  aUo  absent  in  Mull,  in  Airdnamnr- 
chan,  and  iu  other  places  which  I  need  not  enumerate, 
\ou,  I.  T 
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in  the  same  country.  Similar  deficiencies  have  been 
observed  in  many  other  countries  ;  so  that  this  ia  not 
an  indispensable  stratum. 

The  limestone  which  follows  it,  when  present,  called 
in  England,  the  mountain,  and  the  carboniferous  lime- 
stone, and  which  seems  to  have  been  generally  con- 
sidered  as  a  transition  limestone  on  the  continent  of 
Europe,  is  also  occasionally  wanting  altogether.     In 
Scotland,  it  is  absent,  not  only  in  the  cases  just  enw- 
meratcd  where  the  red  sandstone  is  also  deficient,  but 
even    sometimes   when   tliat    is    present  ;  so   that,  in 
many  parts  of  the  same  country,  the  coal  strata  repose 
immediately  on    this   oldest    secondary  rock.      If  it 
should  prove  true,  as  seems  probable,  that  the  upper 
parts  of  the  Arran  sandstone  belong  to  the  red  marl, 
then  both  these,  namely  the  lowest  and  highest  red 
sandstones,   are    in    contact,    and    nearly   confounded 
together,  in  most  places.     I  may  pass  over  the  coal 
strata;  as,  from  their  acknowledged  partial  and  inde- 
pendent nature,  they  do  not  form  part  of  the  present 
inqniry.     It  may  only  be  remnrked,  that  such  is  the 
irregularity  of  recui-rcnce   among  the  beds  belonging 
io  this  series,  that  in  no  two  examples  is  that  similar. 

Beyond  this  we  arrire  at  the  magnesian  limestone 
of  the  English  Hcries,  supposed  tn  correspond  to  the 
first  flcetz  stratum,  to  the  alpine  limestone,  and  to 
the  zechstein  of  foreign  geologists,  and  followed  by 
the  later  red  sandstone,  or  red  marl,  agreeing  with 
their  \-anegatcd  sandstone.  A  new  order  of  arrange- 
ment here  begins  among  the  secondary  strata,  whence 
we  may  take  a  fresh  departure.  It  is  not  meant  to 
say,  that  the  red  marl,  much  less  the  associated  infe- 
rior limestone,  is  invariably  present,  even  in  Europe 
where  it  is  known  to  occur ;  but  if  there  is  any  series 
truly  entitled  to  the  character  of  regularity,  as  well  as 


of  universality^  using  lliat  term  in  the  general  sense 
formerly  stated,  it  is  tills  one.  Still,  it  is  proper  to 
remark,  thnt  in  the  red  marl  series,  wliich  is  in  itself  a 
very  complicated  one,  there  is  a  x^ery  irregular  recur- 
rence of  the  dilfcrcnt  integrant  Ireds. 

Ascending  from  this  seriesj  we  find,  in  difierent 
countries,  various  jiuccessions  of  limcstoucD,  clays, 
shales,  and  sandstones.  But  our  accurate  obser\"atiou8 
on  this  br^ich  of  geology  are  as  yet  Hmited  to 
Europe,  nor  can  wc  pn^tcnd  to  say  that  they  include 
the  whole,  even  of  this  small  divisi{>n  of  the  globe. 
Hence,  the  arrangements  which  have  been  laid  down 
for  tlie  succession  of  strata  from  the  red  marl  upwards, 
may  be  local,  to  this  extent ;  while  the  dittagreeineots 
of  geologists  on  certain  points,  may  make  iis  fairly 
doubt  whether  we  do  not  imagine  ourselves  |M}ssesscd 
of  more  knowledge,  even  of  Europe,  than  we  have 
yet  acquired.  Tliere  is  still  a  want  of  conciUation, 
for  example,  between  the  order  of  England  and  that 
of  those  portions  of  the  continent  which  have  been 
best  studied  ;  but  these  are  differences  which  ought  to 
excite  no  surprise,  except  in  those  who  have  a  dor- 
mant affection  for  the  theory  of  universal  formations* 
or  who  are  determined  to  find  the  type  and  model  of 
every  thing  in  the  country  of  their  regards.  If,  as  has 
often  here  htten  said,  these  strata  have  been  deposited 
in  seas  more  or  less  distinguished  in  forms  and  posi- 
tion, and  hounded  by  original  mountains  of  diverse 
iiharacter,  it  is  a  necessary  conse<jncnco  that,  with  a 
general  analogy,  such  ilifferenees  should  exist.  And 
if  all  the  seas  and  climates  of  such  tracts  have  not 
contained  precisely  the  same  living  animals  in  the 
same  order  of  succession,  it  is  equally  impossible  that 
fossil  remains  should  agree  through  all,   or..^^ 
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invariably  associated  with  particular  rocks  tind   iu  m 
particular  order. 

Limiting  ourselves  now  to  Europe  and  to  our 
present  knowledge,  there  appear  to  be  tlirce  leading 
deposits,  in  this  upper  part  of  the  great  secondary 
series,  of  sufficiently  constant  character  and  place,  to 
which  all  the  others  can  he  referred.  These  are,  the 
red  uiarl,  last  named,  the  oolithc  limestone,  and  fh^ 
chalk.  The  others  arc  the  Magnesian  limestone,  the 
Muschelkalkstcin,  the  Qnadersandstein,  the  Lias,  the 
Ferruginous  sand,  and  the  Green  sand ;  the  two  first 
of  which  are  not  thought  to  exist  in  England,  and  of 
which  the  ferruginous  sand  is  either  not  sufficiently 
distinguished  from  the  last^  or  else  is  conspicuous 
chiefly  in  our  own  country. 

But  the  details  of  these  deposits,  if  examined,  con- 
vey a  far  diflcrcnt  impression   from  the  terms  them- 
selves,   which   are,   in  a  certain  sense,  conventional 
associations.     Under  almost  every  one  of  these  terms, 
rvhich,   in  an  exact  and  mineral   sense,    are  classes 
[rather  than  single  deposits,  we  find  the  same  sub- 
I  stances,  sandstone,  limestone,  shale,  clay,  and  marl,  in 
t|>erpetual   alternations,  and  in  snch  perfect  disorder, 
[that,  even  iu  immediate  connexion,   no  two  parts  of 
Ac  deposit  arc  like  each  otlier.     Of  these  beds  also* 
if  some  arc,  in  one  country,    considered  as  subsidiary' 
or  subordinate,  in  others  they  have  received  greater 
notice;    as    happens   with   ourselves    respecting   the 
Weald  clay*     Nevertheless  we  must,  for  the  present, 
tiJce  these  divisions  ns  we  find  them  arranged ;  only 
cautioning  the  student  against  supposing  that  any  one 
of  these  terms,  Lias,  or  green  sand,  means  literally 
what  it  appears  to  do,  or  is  a  definite  substance,  or 
even  a  definite  association  of  strata. 


On  ihc  continent  therefore,  the  red  marl  is  followed 
by  H  limestone  series  called  the  luuschelkalkstein ; 
though  this  is  soiuetiines  wanting  even  there,  as  it 
appears  entirely  to  be  in  Kngland.  To  this  succeeds, 
in  the  same  countries,  a  sandstone  series,  tbe  quader- 
sandsteiu,  sometimes  cfjually  deficient,  and  wanting 
also  in  England-  That  series  of  limestone  and  clay 
or  shale,  called  Lias,  is  the  next ;  and  this  seems  to 
be  very  widely  diffused  throughout  Europe  in  general, 
though  it  \h  said  not  to  exist  to  the  south  of  the  Alps. 
1  lutist  also  here  add,  that  a  new  deposit  of  the  qua- 
dersandstein  is  said,  in  some  places,  to  be  interposed 
between  the  lias  and  the  next  class  in  order,  the 
Oolithe- 

Thit>  most  extensive  group  of  stnita  is  named  from 
the  character  of  some  of  the  limestones  which  it  con- 
tains; but  the  student  will  commit  a  great  error  who 
considers  it  as  an  oolithic  limestone,  or  even  as  a  mere 
calcareous  series.  It  is  an  immense  group  of  various 
strata,  of  a  wide  sweep;  including,  in  many  places,  a 
great  number  of  limestone  beds  of  very  various  cha- 
racters, of  which  many  arc  far  asunder,  and  separated 
l>y  conspicuous  deposits  of  other  substances.  That  it 
is  less  likely  to  he  absent  than  some  other  of  the 
deposits  here  named,  is  a  natural  consequence  of  an 
^uTangement  so  inclusive. 

What  follows  next  in  order  above,  is  the  sandstone 
called  the  fcnuginous  sand  in  England,  succeeded  by 
Ihc  more  general  (irecn  sand,  which  is  also  a  complex 
class  of  substunces,  though  the  prevaiHng  part  is 
arenaceous.  Lastly  comes  the  Chalk,  a  limestone  of 
a  peculiar  cJiaracter,  cousidcrubly  ilefinite,  though 
inclnding  different  varieties  and  substances,  and  ternii- 
uatiug  what  are  considered  the  secondary  strata.     Fo»- 
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vhat  succeeds,  I  may  refer  to  the  Chapter  on  the 
Tertiary  Foruiutions. 

Of  all  these  groups  I  ninst  now  remark,  that  although 
any  one  may  he  deficient,  there  is  no  instance,  as  it 
is  said,  of  the  order  being  inverted ;  bnt  it  must  be 
plain  that  where  an  arrangement  approaches  so  moch 
to  an  artificial  order,  it  would  not  be  very  easy  to 
prove  an  inversion.  Assuming  therefore  certain  se- 
ries or  associations,  mther  than  individual  substances, 
the  order  of  recurrence  or  snjjerposition  in  the  secon- 
dary strata,  is  much  more  constant  than  in  the  primary, 
or  it,  at  least,  appears  to  be  so.  Rnt  it  must  lie 
remembered  that  these  may  possess  certain  associa- 
tions, or  series,  analogous  to  those  of  the  secondary, 
which  we  have  not  yet  fully  discovered,  us  we  appear 
to  have  done  in  the  case  of  gneiss  and  hornblende 
schist,  bnt  which  may  possibly  come  to  light  when 
this  dinsion  of  rocks  has  hecn  more  rainntely  studied 
and  compared  in  different  conntries  than  it  has  yet 
been.  It  is  possible,  for  example,  that  the  intricate 
scries  of  the  (|uartz  rock,  and  of  the  micaceous  and 
argilUiccoas  scliists  of  the  Wesleni  Islands,  may  be  a 
characteristic  and  definite  series',  like  that  of  the  Lias 
or  the  red  mart  in  the  secondary  strata,  and  that  rt 
may  occur  in  a  similar  manner  in  other  parts  of 
Europe.  It  is  easy  to  see  the  drift  of  this  suppo- 
sition ;  so  that  I  need  only  add,  that  it  is  not  a  fair 
comparison  between  the  primary  and  the  secondary 
strata,  when  individnal  beds  are  selected  for  rompa- 
rison  out  of  the  one,  and  whole  series  out  of  the 
other.  For  the  present,  it  seems  pnidenl  to  conic  to 
no  decision  on  this  point,  Imt  to  wait  for  further 
information.  It  is  also  evident,  that  by  omitting  trap 
in  the  consideration  of  the  ?*econdarv  rwks.  and   ad- 
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ntting  granite  amoug  tUe  primary,  an  appearance  of 
greater  irrcgnlarity  i^  given  to  the  former  than  to  the 
latter.  In  justice,  all  the  nnstratified  rocks  should  be 
put  out  of  the  question  in  this  case. 

I  need  only  remark  further,  on  the  subject  of  the 
secondary  strata,  that  it  is  not  easy  to  see  how  such  a 
resemblance  or  identity  can,  in  these  eases,  be  so 
proved,  as  to  warrant  any  inference  respecting  simi- 
larity or  order  of  succession  among  them  in  remoter 
countries,  or  in  distant  parts  of  the  ivorld.  The  mi- 
neral characters  of  the  various  \wAn  of  limestone  are 
rarely  very  strongly  marked.  Tiie  difl'erenceti  among 
shales  and  sandstoocs  can  scarcely  be  perceived.  It 
will  be  hereafter  proved  (Chap.  xx.)j  that,  in  distant 
countries,  the  identity  of  two  strata  ciumot  be  inferred 
from  their  org^inic  fossils.  Nothing  then  remains 
but  the  juxtaposition,  in  analogous  order,  of  two  or 
more  strata ;  and  this,  it  is  easy  to  see,  is  proving 
the  fact  in  dispute  by  means  of  the  very  thing  to  be 
proved. 

It  was  jnst  remarked,  ttiat  as  far  as  the  question  of 
order  or  disorder,  under  the  limitations  thus  made, 
is  concerned,  the  latter  appears  to  arise  from  omission 
rather  tliau  inversion.  In  the  case  of  individual 
strata  in  a  group,  whether  in  the  primary  or  the 
secondary,  or  in  the  coal  scries,  as  well  as  in  gneiss 
and  (juartz  rock,  an  inversion  is  as  common  as  an 
omission  ;  and  tu  what  degree  that  really  does  extend 
among  the  primary,  we  cannot,  for  the  reasons  just 
given,  as  yet  decide.  But  in  the  secondary,  it  is  not 
yet  known  for  example,  that  chalk  doe.s,  and  it  is  not 
probable,  that  it  will,  occur  beneath  the  red  marl ; 
tbougli,  from  the  deficiency  of  the  latter  and  of  all 
the  iiitennediate  strata,  it  might  be  in  contact  with 
the  coal  series,  or  even  with  granite.     Still,  however. 
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wc  must  not  establish  tliiii  as  u  canon  in  the  science] 
because,  a  priori,  there  apjiears  no  clieniical  or  phy- 
sical reason  why  it  ou^ht  to  be  so.  To  lay  down 
such  \ivt/s,  is  to  throw  obstructions  in  tlie  way  of  our 
own  progress,  to  fabricate  a  science  instead  of  de- 
ducing one.  To  do  less,  hy  making  rules  which 
apply  only  to  tlic  cases  whence  they  are  derived,  ia  to 
do  nothing  ;  it  is  to  cheat  ourselves  with  the  !»hadow 
'  of  a  science. 

It  is  not  indeed  very  euay  to  see  what  purpose  is  to 
he  attained  hy  this  generalization,    if  the  doctrine  of 
universal  formations  is  abandoned.      It   is  the   basis 
an<l  support  of  that  do{irine,    if  not  the  very  thing 
itself.     Nor  is  it  probable  that,  ou  general  principles. 
^therc  can  be  a  definite  order  of  succession  among  the 
[greater  series  over  extensive  tracts  of  the  globe,    auy 
more  than  among  the  smaller  beds  in  a  limited  spot. 
It  is  ea^y  enough  to   understand  how,    in  one  de- 
posit, a  constant  order,  at  least  as  far  as  relates  to 
the  principal  strata,  should  have  been   preserved.      It 
is  equally  easy  to  admit,    that  confnsion  may  have 
'been  produced  among  the  less  important,    merely   by 
the  omission  of  a  few  out  of  a  great  number  of  alter- 
nating strata  of  difTerent  kinds,    without  affeeting  the 
general  integritv  and  oi*der  of  the  deposit.      But  till 
further  reasons  are  produced  lo  show   that  these  de- 
posits arc  universal,   it  will  be  impossible  to  admit, 
that  wherever  rocks   occur  of  similar  characters  in 
distant  parts  of    the  world,    they    mus!    necessarily 
!  maintain  the  same  order.        Further,     till  they  are 
'shown  to  he  of  much  greater  continuous  extent  than 
is  now  probable,  it  can  excite  no  surprise  if,   even  in 
rEurope,  that  order  of  succession  should  difi'er.      The 
^existence  of  tertiary  deposits,    proves  that  particular 
■collcctioufl  of  strata  arc  limiled  ;  and  it  would   be  no 


less  nnre.'isonable  to  expect  an  absolute  correspondcnee 
between  those  of  Paris  and  tlic  Isle  of  Wii;ht»  or 
amon^^  the  whole  of  these  that  have  been  discovered, 
than  that  the  secondary  strata  shonld  adhere  to  a 
constant  order  all  over  the  world.  There  is  a  general 
analogy  thronghout  nature  in  the  successions,  as 
there  is  in  the  cliaractcra  of  rocks  ;  hut  the  particular 
instances  are  modified  by  laws  of  a  local  nature,  ope- 
rating in  H  liuiitcd  spot,  and  subject  to  uncertain 
modifications  in  many  of  these.  1  might  add,  that 
they  might  even  differ  in  the  same  deposit  or  cavity, 
on  a  principle  formerly  laid  <lown,  namely,  that  the 
present  submarine  deposits  of  the  Eiiglisli  channel, 
the  probable  types  of  past  strata,  if  not  the  germ^  of 
future  onesj  are  not  everywhere  similar  and  corre- 
sponding in  order. 

It  remtiins  to  say  a  few  words  on  that  which  has 
been  sometimes  used  as  an  expedient  for  preserving 
the  integrity  of  this  theory.  It  applies  equally  to  the 
primary  and  secondary  strata;  and  the  examination 
of  it  has  therefore  been  reserved  to  the  last  place. 
'Ilic  term  sultttrdmate,  already  noticed,  fonns  the 
whole  of  this  contrivance  ;  but  it  is  necessary  here  to 
explain  its  application.  If  a  series  be  produced  in 
pnwf  of  irregularity,  consisting  of  gneiss,  argil- 
laceous schist,  and  quiirtz  rock,  and  if  it  is  a  part  of 
the  theory  that  gneiss  only  should  be  found  in  it,  the 
other  rocks  are  called  subordinate.  If,  in  any  place, 
two  or  more  beds  of  some  particular  sandstone  should 
alternate  with  limestone,  the  integrity,  place,  aiul 
order  of  the  sandstone  is  preserved  for  the  purpose  of 
the  hypothesis,  by  calling  the  latter  subnrdioate.  In 
all  these  cases  indeed,  it  is  usual  to  drop  ahugeibcr 
llic  name  and  history  of  the  inlruding  beds.     Fidtlity 
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and  logic  are  here  alike  made  to  yield  to  an  imaginary 
convenience. 

If  this  view  of  the  abuse  of  a  term  sliould  be  judged 
too  strong,  there  is  no  geologist  of  any  reading  and 
experience,  who  will  not  confirm  the  fact  of  its  mis- 
application to  these  ends.  The  evil  consequencea 
arising  from  it  arc  considerable:  since  it  substitutes 
words  for  facts,  uud  affords  the  student  a  ready 
mode  of  husbanding  his  industry  and  his  reasoning, 
by  stating,  not  that  which  is,  but  that  which  ought 
to  be.  It  is  not  meant  to  be  denied,  that  the  term 
subordinate  may  ol^en  be  properly  used;  since  many 
rocks  do  occur  in  very  small  portions,  in  a  single  and 
important  series  of  some  other.  But  it  is  a  wide 
difference  to  make  a  legitimate  use  of  a  fact,  and  to 
pervert  it  to  mischievous  purposes. 

It  will  be  no  small  acquisition  to  the  student,  if 
these  remarks  shall  relieve  him  from  that  anxiety 
which  must  ever  follow  all  attempts  to  discover  what 
is  not,  but  which  he  believes  to  exist;  if  they  shall 
preserve  him  from  that  distrust  of  his  own  skill  or 
discernment,  which  often  ends  in  turning  a  modest 
mind  from  a  pursuit  in  which  it  finds  its  observations 
at  variance  with  those  which  it  is  Uught  to  think 
established. 

Of  the  Succession  of  the  Strata  in  Britain. 

After  tlins  giving  some  general  illustrations  of  the 
&nccession.s  or  oidei-s  of  ilie  strata  in  confirmation  of 
the  views  here  held  out,  it  will  not  be  considered 
superfluous  to  add  some  examples  in  detail  from  the 
very  extensive  succession  of  strata  found  in  this 
country.     In  an  elcmentai7  work  produced  in  Britain, 
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this  partiality  will  be  justified  to  the  reader;  while,  hs 
far  as  regards  the  secondary  strata  at  least,  no  ex- 
amples equally  extensive  have  been  hrought  forward, 
in  which  the  onicr  of  arrangement  and  succession  has 
been  so  satisfdctorily  ascertained. 

In  examining-  this  order  of  succession  in  the  primary 
class,  it  is  necessary  to  commence  from  granite,  where- 
ever  that  is  present;  and,  when  it  is  not,  from  the 
lowest  visible  rock.  Whether  this  method  is,  in  all 
caseti,  unexceptionable  or  not,  we  must  adopt  it,  for 
want  of  other  more  certain  criteria  of  the  pro()cr 
points  of  departure.  The  following  examples,  out  of 
many  more  that  might  have  been  adduced,  will 
answer  all  the  purposes  at  present  in  view. 

Shetland  offers  some  of  the  best  example.*)  of  series 
of  strata  iu  wliieh  the  members  are,  at  the  same  time, 
numerous,  and  disposed  with  a  cousiderable  degree  of 
that  regularity  which  was  once  thought  nniversal  and 
necessary.  In  that  part  called  the  Mainland,  the  gra- 
nite is  followed  by  gneiss  and  hornblende  schist,  quartz 
rock,  chlorite  schist,  and  arg^illaccous  schist ;  beds  of 
limestone  occurring  more  than  once  in  the  series,  both 
with  the  gneiss  and  tbemicitceons  schist.  The  lowest 
red  sandstone,  as  the  first  of  the  secondary  strata, 
succeeds  to  the  argillaceous  schist.  In  this  enume- 
ration, I  have,  however,  given  to  the  order,  the  ad- 
vantage derived  from  the  omission  of  the  minuter 
alternations;  or  treated  the  principal  rocks  as  so  many 
distinct  scries,  with  minor  quantities  of  others  in  sub- 
ordination. The  enumeration,  by  beds,  of  each,  in 
the  manner  followed  by  Ebel,  and  of  which  I  shall 
give  some  examples  hereafter,  would  have  presented  a 
very  different  as|wx't. 

In    the  same   islands,  taking  Yell,    Unst,   Fetlar, 
and  the  adjoining  smaller  isles,  as  one  tract,  which 
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they  may  safety  Iw  foimidcrcd,  from  the  iotiinacy  of 
tlieir  association,  there  is  a  series  still  luorc  extensive; 
aud  treating  it  in  the  same  general  oianner,  it  may 
stand  thns.  The  fJranite  is  succeeded  by  guciss, 
hornblende,  micaceous,  chlorite,  and  talcose  schists, 
Diallagc  rock,  serpentine,  and  argillaceons  schist. 
There  19  no  Iinu?!.t<nie  in  this  scries,  and  the  secondary 
strata  are  absent.  Were  this  series  however  minute- 
ly detailed,  it  would  he  found  that  there  were  more 
than  one  alternation  of  every  rock  in  it,  and,  of  some 
of  thcni,  a  great  nnml>er.  It  may  be  useful  to  contrast 
one  of  these  modus  of  description  with  the  other  j 
partly  for  information,  and  |mrtly  to  show  how  ar- 
bitraryour  metliod  of  grouping  and  omitting  must  of- 
ten be,  and  how  little  we  are  entitled  to  determine 
what  the  real  order  of  the  scries,  on  the  great  scale, 
is,  or  whether  there  is  such  an  order  at  all.  By  .select- 
ing from  these  beds,  at  our  pleasure,  the  supposed 
principals  and  accessories,  almost  any  hypothetical 
order  might  be  made  to  appear  the  true  one.  Not  to 
make  the  enumeration  more  intricate  than  is  necessary 
for  this  illustration,  J  shall  select  only  two  of  the 
Ictist  niunerous  successions  from  different  parts  of  these 
islands.     Such  are 

and 


Giicus 
MicaceoDs  Scbist 
{'liluritc  Schist 
MitacwiiB  Schist 
(.ioeiss 

Argillaceous  Schist 
ScTiietiti  DC 
Diallagc  Itock 
'InKose  Schist 
rtiloritc  ScliiM 
MiciceiiUK  Schist 
Arf^llaceoiib  Schist 


Gneiss 
Diallagc  Rock 
Chluritc  Scliist 
Argitluccous  Schiit 
!5«rpt;utiue 
Ar^Uaceutw  ScLiat 
Dinllago  Rock 
Serpentine 
Talcose  Schist 
Micaceous  Scliwt. 


Were  the  reader  to  add  both  ihesc  lists  togelber. 
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and  even  to  multiply  some  of  the  aliernatioii»,  Le 
wonld  probiihly  Bnd  justifiable  cause  in  the  examina- 
tion of  the  ground  itiielf. 

It  is  extremely  rare  to  fmd,  in  Scotland,  any  series 
so  numerous  or  so  easily  reduced  to  the  supposed  or 
hypothetical  order.  'ITic  following,  from  diOereut 
parts  of  the  central  diHtiict^,  or  from  Perth,  liivorneas, 
and  Abcrdccnshircs,  arc  much  more  common.  (>i-a~ 
nite  here  is  followed  in  this  manner,  taking  Hrst  the 
most  numerous  series,  and,  in  a  similar  way,  omitting 
the  minor  alternations. 


. 


Gneiss 
Lirucstorie 
QuiirU  Rock 
(!nciss 

Micaceous  Schist 
Arf(iUftC«ou8  Schist, 


anil 


l.iinRstonc 
(^nartz  Kock 
I'loniblenilcScliist 
Ctiem 

Micaccoos  Schist 
(Gneiss 
Argillaccans  Schist 

the  lowest  red  sandstone  of  the  secondary   class  suc- 
ceeding. 

Detailing  more  minutely  two  examples  from  the 
same  places,  they  attord  the  following  order,  and  in 
such  a  manner  that  it  seems  impossible  to  associate  the 
different  strata  in  groups  or  subordinations,  at  least 
in  many  cases. 


rrneisa 
Limestone 
Hornblende  Schist 
Quartz  Rock 
Limestone 
Gneiss 
Limestone 
Micaceous  Schist 
Chlorite  Schist 
Hornblende  Scliist 
Liniestooe 
Micaceous  Schist 


,1  more  than  once 


Limestone 

Cneiss 

Homhlende  Scliist 

Micnccoiis  Schist 

Gneiss 

Quartz 

Liniestonc 

Micaceous  Schist 

Gneiss 

MicacoouB  Schist  3 

„,    .     .,  , .  ^    V  more  than  once 
Chlorite  bcliiHt    S 

Argillaceous  Schist 
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Onsiss  l.imesloite 

Micaceous  ScliUt  Chlorite  !5cliUt 

Argillaceous  Sclii&t  Argillaceous  Scbist. 

Chlorite  Schist 
ArgiUnceocH  Schist 

It  being  unnucessary  to  quote  more  of  these,  J 
ehall  give  some  local  examples  of  an  order  which  may 
be  calleH  inverted;  supposing-  the  ilirpct  one  to  be 
the  succession  of  gneiss,  niicaceons  schist,  quartz 
rock,  linicstonc,ai)d  argillaceous  schist,  as  forinerlyprc- 
snnicd,  and  omitting  the  otlicr  uienibcrs  of  this  class. 

Granite  is  succeeded,  fii*st  by  argiliaceoua  scbist  and 
then  by  gneiss,  in  [on a  and  in  llninffsbirc;  and,  in 
Rosssliire  and  Sntberland,  after  the  gneiss,  there  fol- 
lows another  argillaceous  scUi.it.  lu  Sutherland,  in 
another  place,  after  granite,  there  come  in  order, 
gneiss,  qnartz  rock,  bitnminons  limestone,  (juartz  rock, 
and  gneiss.  Numerous  other  instances  of  the  same  na- 
ture might  be  adduced,  but  it  would  be  superfluous. 

A  few  examples  of  short  series,  will  tend,  even 
more  than  tlie  former  irregular  ones,  to  allow  the 
want  of  a  fixed  order  among  the  primary  strata;  and 
that  they  were  alluded  to  in  the  first  part  of  tins  chap- 
ter, needs  not  prevent  a  tabular  view  of  them  here,  as 
it  will  render  these  illustrations  more  usefiil.  I'beir 
leading  cluiracter  consists  in  the  omission  of  most  of 
the  primary  strata,  and,  in  some  instances,  of  some  of 
the  secondary  ones  also;  so  that  tliev  might  equally 
have  been  ennmeraled  in  the  next  division  of  this  suh- 
jectt,  where  it  will  indeed  be  necessary  lo  refer  to 
them.  Most  ol'tbc  primary  strata  are  wanting  in  the 
examples  which  immediately  follow. 
Granitf  Gnuitc  OraiiUc 

Gneis*  Micaceous  Schist  Argillacpomi  Schist 

Seronrlary  SlraUi  Seconi3ary  Strata  Secondary  t*tnita 

In  Caithiiens  and  Sii-    In  Arran.  Tn   Arnin,  C«rnwHll, 

tlifrlnnd.  Aberdet-nshirc  ice. 
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In  the  fulluwing,  all  the  priiuary  stratii  are  wanting, 
90  that  the  granite  comes  into  contact  witli  the  secon- 
dary. 


Hranite 

Old  red  Sandstone 

III  Aberdeeuihireaml  Caitlineis 


fininitc 

<'o«l  HenN.orOolitlieaiid  lias 

nith  Lignites 
[it  Sutherland,  aiid  tlie  Weatem 

Islands  &c. 


I  shall  terminate  these  iHustrationa  hy  naming  some 
examples  where  the  following  strata  occnr  in  a  suc- 
cession of  alternations  so  cxtreujely  numerous,  that 
it  is  fruitless  to  draw  out  a  Hst  of  them,  as  I  should 
scarcely  know  where  to  cease. 

In  the  quartzose  isles  of  the  West  of  Scotland,  or 

the  chain  of  Jnm  and  Isia,  these  alternating  substances 

are. 

MicaceonsScbiit 

Fine  Argillaceous  Schist,  or  clay  Slata 
Mirat-enos  ditto,  or  fine  firay  warke 
Arenaceous  ditto,  or  coarse  (iraywiicltf 
Conglomerate  ditto,  or  coarsest  GrayWRclce 
(Quartz  Rock. 

In  the  series  which  terminates  the  Highland  moim- 
tains  towards  the  low  country,  and  in  a  similar  series 
in  Argyllshire  within  the  micaceous  schist,  the  fol- 
lowing beds  allcniatc  in  a  similarly  repeated  manner. 

Fine  Argillaceous  Scbist.  or  Clay  Slat« 

Coarse  ditto,  or  Grajrwacke 

Chlorite  SctiiKt 

Micaceous  Schist 

Gneiss 

I  jincntone 

In  another  scries   in  Argyllshire,   the  alternating 
substances  arc. 

Hornblende  Schist 
Actlnolitc  Schist 
Qnarti;  Rock 
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Micaceous  Srliist 
riilnrite  Scliist 
Linicstoiie 
Argilliiecotis  Schi»t 
Gneiss. 

In   this  partieiitiir  rit<i(',    tlie  ullcrniitioiis    ainoitnt 
to  some  thousand!!. 

To  proceed  now  to  the  seoondary  strata,  it  will  be 
best  to  give  the  order  of  sncccssion  in  England,  and 
in  an  eotire  state,  as  it  is  conceived  to  be  detennined 
by  the  nnmerous  geologists  ivho  have  bestowed  great 
l:ibonr  and  care  on  this  tleparlnicnl.  The  grouping!* 
of  the  beds,  or  the  divisions  into  seiics,  must  stand 
on  the  authority  or  opinions  of  observers  whoiic  ability 
and  industry  arc  admitted,  and  who  arc  too  well 
known  to  need  niention  here. 

On  the  Succession  of  Strata  in  England  and 
Scotland. 

The  lowest  bed  of  the  secondary  strata  of  England, 
is  the  old  red  sandstone,  being  the  first  of  the  secon- 
dary rocks  in  the  artificial  classifiialion  It  must  not 
however  he  considered  as  a  simple  rock  ;  since,  be- 
nides  the  conglomerate  which  is  essential  to  it,  it 
sometimes  contains  shales  and  limestone,  and,  occa- 
sionally, coal. 

The  next  bed  in  the  order  upwards,  is  a  limestone 
containing  a  few  fossil  remains,  and  known  by  the 
name  of  ninnntain  and  of  carboniferous  limestones. 
In  this  rock  also,  there  are  found  smaller  beds  of 
shale,  and,  occasionally,  of  sandstone  ;  much  more 
l-rurely,  of  coal  A  sandstone  called  the  Millstone 
grit  follows  in  some  places  ;  but  it  seems  to  be  one  of 
the  most  limited  of  these  leading  strata,  while  it  does 
not  appear  very  satisfactorily  proved  that  it  does  not 
form  a  part  of  the  coal  series. 
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This  complicated  scries,  the  next  in  order  when 
present,  is  oiten  of  an  enormous  depth,  consisting  uf 
sandstone,  sbulc,  clay,  and  limestone,  with  inter- 
mediate beds  of  coal  and  with  vegetable  remains. 
This  collection  of  strata  ap|>ears  less  consistent  aa. 
veil  as  loss  constant  than  most  of  the  principal  series; 
being  distributed  in  distinct  situations  which,  from 
the  discrepancy  in  the  recurrence  of  the  several  beds, 
appear  to  have  been  in  a  great  measure  independent 
of  each  other. 

Thus  far,  the  general  dips  or  positions  of  the  beds 
arc  marked  by  the  same  kinds  of  irregularity  which 
attend  the  primary  strata,  llicy  are  commonly  nmch 
inclined,  and  sometimes  reversed  and  dislocated ; 
although,  taking  a  considerable  tract,  there  may  be 
a  prevailing  dip  as  well  as  a  prevailing  direction.  The 
coal  series  is  particularly  noted  for  its  irregularities 
of  this  nature.  Beyond  this  point,  however,  a  new 
arrangement  appears  to  commence ;  and  the  strata 
which  follow,  maintain  a  parallel  order  to  each  other, 
with  certain  local  exceptions  that  will  be  noticed  in 
their  proper  places;  while  tliey  arc,  at  the  same  time, 
much  more  regular,  and  less  subject  to  high  angular 
positions.  This  new  order  is  analogous  to  tlnit 
which  occurs  between  the  primary  and  the  secondary 
classes,  while  it  is  generally  more  strongly  marked. 

Where  the  series  is  most  complete,  the  coal  strata 
are  followed  by  the  magncsian  limestone,  as  it  is 
called,  or  by  a  conglomerdte  formed  of  fragments  of 
the  lower  calcareous  rock  and  others,  cemented  by 
that  substance.  To  this  succeeils  tlie  very  important 
stratum  to  which,  in  England,  is  given  the  name  of 
new  red  sandstone  or  red  marl. 

The  red  marl  is  not  however  a  simple  substance ; 
but  is  iu  itself  a  complicated  series,     consisting  of 
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conglomerate  rocks,  fine  red  sandstone,  sbalea,  clays, 
aad  marls,  and  especially  remarkable  for  inclading-! 
gypsuui  and  rock  salt. 

The  inagnesian  limestone  and  tlie  red  raarl  are 
associated  by  some  English  (Jeologists,  under  the 
name  oi  &  formation  ;  and  in  a  similar  way,  all  the 
strata,  of  whatever  nature,  consisting  of  various  lime- 
stones, sandstones,  shales,  and  clays,  which  lie  be- 
tween the  last  described  bed  and  the  ferruginous  sand, 
are  united  in  a  similar  group,  by  the  name  of  the 
oolitlie  formation.  I  must  refer  to  the  authors  them- 
selves, and  particularly  to  Conybeare,  for  all  points 
of  a  local  and  minute  nature ;  and  shall  here  merely 
give  the  principal  beds  as  they  are  enumerated,  where 
the  scries  is  most  complete. 

I  ought  still  however  to  remark,  that  not  only  is 
this  principal  formation  divided  into  three,  viz.,  a 
lower,  a  middle,  and  an  upper  one,  but  that  there 
are  even  inferior  subdivisions,  since  the  lias,  for 
example,  is  itself  a  scries  and  not  a  single  rock. 

The  first  which  thus  follows  is,  in  England,  known 
by  the  name  of  Lias,  and  it  consists  of  limestone  of 
various  characters,  in  nnmerous  beds,  alternating 
with  clays  and  shales.  It  contains  a  great  variety  of 
organic  remains,  chiefly  murine,  with  some  very  re- 
markable amphibious  animals,  of  extinct  genera  and 
spet^ies. 

It  is  here  but  justice  to  the  general  reader  to  state, 
that  all  those  geologists  who  have  investigated  the 
English  strata,  have  not  agreed  in  their  maimer  of 
grouping  the  inferior  beds.  At  this  particular  point, 
for  example,  certain  marls,  clays,  and  sands,  have, 
hy  some,  Ijcen  thrown  into  a  group  distinct  from  the 
beds,  and  inferior  to  the  next  rock,  or  the  oolitfae  ; 
while,   by  others,   the  clays  arc  enumerated  as  be- 
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longing  to  the  Hiis.  On  the  respective  values  of  opi- 
nions of  this  nature,  it  wonld  be  needless  to  attempt 
ii  (leeision,  were  it  jiossilile. 

The  remaining  .struta  tlicn,  proceeding  iipwardst  in 
the  loner  division  of  what  is  called  the  oolitbc  for- 
mation, are  a  sand  of  various  oliaraeters,  a  coarse, 
somewhat  oolilhic  limestone,  a  stratum  of  clay  souic- 
tinies  including  fullers*  earth,  and  a  limestone  called 
tlic  Gray  oolithc.  The  middle  division  contains,  in 
the  same  order,  a  calcareous  and  a  siliceouii  slaty 
rock  intermixed  with  sutid,  shale,  and  some  coal, 
three  limestones,  supposed  distinct,  and  called  forest 
marble,  cornbrjish  limestone,  and  Kelloway  rock, 
and  a  clay  called  Oxford  clay,  or  fen  clay.  In  the 
last,  or  uppermost,  division,  are  comprised  a  cal- 
careous sandstone,  a  limestone  called  Coral  rag, 
another  limestone,  called  the  upper  oolithe,  a  clay 
called  Kimmeridgc  clay,  a  third  limestone  called 
Portland  stone,  and,  lastly,  the  Purbeck  inferior 
group  ;  consisting  of  limestone,  shale,  and  marl. 

It  is  by  no  means  clear  that  the  arrangement  of 
these  is  so  regular  and  constant,  and  the  difterent 
beds  of  so  much  importance,  as  to  require  the  decisive 
names  which  have  thus  been  conferred  on  them, 
niere  also  appears  much  that  is  purely  arbitrary  in 
those  arrangements  into  the  miuor  scries  u'heuce  these 
characteristic  terms  are  derived;  since,  in  one  of 
these  artificial  groups,  the  same  snbstauces  exist  as 
are  found  in  another  part  of  the  principal  deposit, 
forming  or  entering  into  another  series.  Some  of 
these  deposits,  indeed,  seem  to  be  as  irregular  in 
their  disposition  as  the  strata  of  the  coal  scries,  which> 
iu  their  general  characters  they  so  much  resemble ; 
nor  docs  it  sccra  as  yet  possible  to  reduce  theni  into 
a  sy^teni  in   which  all   observei's  shall  agvcc;    >»i\vv\e. 
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the  attempt  to  refer  particiiliir  l)eds  in  distant  places, 
to  some  favouritu  deposit  found  elsewhere,  is  a  no 
less  frequent  source  of  dilficiilty  than  of  fallaciona 
generalization. 

Tlie  next  scries  of  the  English  Geologists  h  called 
the  green  sand  ffirmntinn,  comprising  three  inferior 
groups.  The  first  of  these  is  known  by  the  name  of 
the  ferruginons  sand  ;  very  constant  in  its  character  and 
po>^itiou,  .ind  forming  a  remarkable  member  of  the 
whole  aeries  of  the  English  secondary  strata.  It  con- 
tains masses  of  sandstone  and  beds  of  ochre,  clay, 
and  of  fnllcrs'  earth.  Above  this  is  a  complicated 
bed  of  clays,  called  the  Tetsworth  clay,  and  that 
again  is  followed  by  another  arenaceous  deposit* 
called  the  green  sand,  including  some  of  the  most 
recent  sandstones,  together  with  limestone. 

1'Iie  next  and  highly  important  series  is  the  Chalk, 
divided  into  three  beds ;  the  lowest  known  by  the 
name  of  chalk  marl,  the  next  being  pnre,  and  the 
third  containing  flints.  Some  Geologists  however 
arrange  the  <:halk  marl  in  the  last  group,  and  sul)- 
dividc  the  chalk  beds  more  minutely.  This  member 
is  sufficiently  remarkable,  both  in  its  mineral  cha- 
racters and  the  nature  of  its  contents,  to  be  recog- 
nized and  compared  with  other  similar  deposits  in 
distant  places ;  and  it  accordingly  ofters  one  of  the 
most  striking  proofs  of  the  very  considerable  extent 
occupied  by  some  of  the  secondary  strata,  though  it 
mnst  nevertheless,  like  the  greater  part  of  these,  be 
considered  a  partial  deposit,  when  compared  to  the 
remainder  of  the  Karth's  surface.  It  is  remarkable 
that  this  stratum  has,  in  some  places,  undergone 
violent  dislocation  and  changes  of  position  ;  many  of 
the  beds  on  the  southern  coast  of  England  being  even 
in  a  vertical  position,    while  the  fractnred  state   of 
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their  conteuts  shows  also>  that  these  changes  have 
been  posterior  to  the  time  of  their  consolidation. 
This  case  offers  an  excellent  example  of  partial  revo- 
lulioDs  ;  and  scn,'es  to  prove  how  imperfect  a  criterion 
for  distinguishing  the  artificial  classification  of  primary 
and  secondary  strata,  is  derived  from  such  circum- 
stances alone. 

The  Chalk,  which  is  the  last  of  the  strata  esteemed 
secondary,  is  followed  by  various  substances  which 
have  been  grouped  in  different  manners  by  different 
Geologists,  but  of  which  the  localities  are  partial  and 
limited.  The  plastic  clay  occurs  first,  and  consists, 
not  only  of  various  clays,  but  of  sand  and  gravel  of 
various  qualities.  The  London  clay,  which  succeeds, 
comprises  also  calcareous  sandstone ;  besides  which 
it  contains  many  organic  remains,  terrestrial  and 
marine.  The  strata  which  succeed,  consist  chiefly 
of  marls  and  clays  ;  but  as  the  details  of  objects  so 
local  arc  too  minute  for  the  present  purpose,  I  may 
refer  to  Mr.  Webster's  accurate  account;  particularly 
as  the  importance  of  the  tertiary  or  partial  deposits, 
is  such  as  to  demand  a  separate  consideration. 

It  must  now  be  observed  that  the  series  of  secon- 
dary strata  in  England,  thus  given  in  a  complete 
form,  as  it  is  thought,  by  those  who  have  investigated 
this  subject  most  minutely,  is  far  from  exhibiting  this 
succession  in  any  one  place.  It  is  not  merely  that 
the  whole  series  terminates  at  some  point  beneath  the 
uppermost  or  London  clay,  as  for  example,  at  the 
coal  series,  or  the  red  mar),  or  the  lias,  but  nu- 
merous members  are  in  many  places  wanting.  This 
succession  must  therefore  he  considered  as,  in  some 
sense,  an  artificial  one ;  constructed  according  to 
lonie  presumed  principles  in  the  science,  and  a  pictnrc 
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of  what  Nature  might  have  given,  rather  than  of  what 
she  has  actually  produced.  As  it  would  be  impossible 
ii)  a  work  of  this  nature  to  cuter  into  the  details  of 
this  part  of  the  sabject,  I  must  needs  refer  to  the 
valuable  work  of  Messrs.  Conybearc  and  Phillips, 
where  all  the  information  that  is  required  will  be 
found. 

But  as  that  work  does  not  contain  any  view  of  the 
Scottish  strata,  1  may  here  give  a  sketcli  of  some 
example^  of  successiuns  among  the  secondary  ones  in 
that  country ;  particnlarly  as  it  exhibits  some  de6- 
ciencies,  which,  besides  being  remitrkablc  in  them* 
selves,  arc  rendered  more  interesting  by  the  intiumte 
geographical  conacxiuo  of  these  two  parts  of  one 
island.  The  reader  will  not,  of  course,  expect  here 
an  account  of  the  geology  of  Scotland,  nor  any  de- 
taib,  either  very  minute  or  nnmerous.  I  may  even 
add  that  no  greater  accuracy  of  description  is  adopted, 
than  was  necessary  for  illustrating  the  particular  sub- 
ject under  consideration. 

In  that  country,  the  deposits  of  secondary  strata 
may  conveniently,  if  not  very  geographically  or  cor- 
rectly, be  divided  into  four.  Of  these,  the  northern 
includes  Caithness  with  parts  of  Inverness  and  Moray, 
while  the  middle  forms  a  very  extensive  tract  to  tlie 
sonth  of  the  Highland  primary  district.  The  Western 
is  much  disjointed  and  scattered  on  the  Westeru 
Highland  shore  and  ann>i)g  the  islands ;  and  the 
southern  is  more  or  leas  intimately  connected  with  ihc 
corresponding  strata  in  England. 

The  6 rat  of  these  is  nearly  hiuited  to  one  bed, 
namely,  the  lowest  sandstone;  but  one  conspicuous 
tract  of  moumain  limestone  occurs,  together  with 
smaller  fntguiunts,  and,  in  one  place,  it  is  iuuiiediately 
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fbtlowed  by  a  scrica  of  coal  strata  or  lignites^  iUieady 
noticed,  as  found  in  Sutherland,  aud  which  also  im- 
mediately rests  UD  the  granite. 

f  A  great  part  of  the  middle  district,  also,  consists 
solely  of  the  lowest  sandstone;  and  the  remainder 
presents  a  series  of  coal  strata  succeding  to  that.  As, 
in  some  places,  a  limestone  is  interposed  between 
these  strata  and  the  lowest  sandstone,  analogous  to 
the  lowest  or  uiountaiu  limestone  of  tlie  English,  it 
may  be  fairly  considered  that  there  is  a  perfect 
analogy  between  this  deposit  and  that  of  England  as 
far  as  it  extends.  But  that  extent  is  limited;  since, 
in  many  places,  this  limestone  is  wanting.  Hitherto, 
with  some  rare  exceptiuus,  the  coal  strata  have  been 
found  to  reach  the  surface  everywhere  in  this  tract ; 
neither  the  magnesian  limestone,  which  follows  in 
England}  nor  the  red  marl  stratnm,  forming  a  part 
of  tlie  series.  Nor  are  any  of  the  strata  that  He 
above  those  found  in  it,  whatever  slender  indications 
there  may  be  ;  so  that  the  chief  Scottish  secondary 
scriefi,  even  where  most  complete,  terminates  with  the 
coal  deposit. 

The  Western  secondary  deposit  is  rendered  very 
obscure  by  its  scattered  aud  disturbed  position,  and 
by  the  very  Ihnited  quantity  of  it  which  exists.  lu 
some  places,  as  at  Campbelltuwn,  it  exhibits  the 
lowest  .sandstone,  while  in  others,  as  in  Morven, 
that  is  wanting ;  the  has,  with  the  coal,  or  lignite» 
reposing  immediately  on  gneiss.  la  some  also,  there 
is  an  inferior  limestone ;  but,  however  connected  with 
the  Has,  it  appears,  in  its  relation  and  in  its  cha- 
racters and  fossils,  to  correspond  to  the  znonntain 
limestone  of  Kngland.  The  actual  coal  series  where 
it  exists,  is  very  limited,  and  must  be  considered  to 
belong  to  tlie  first  coal  which  follows  the  great  coal 
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deposit,  or  to  the  lowest  of  the  lignite  deposits  ;  in 
which  case  it  will  correspond  to  that  of  Whitby. 
This  deposit  is  neither  accompanied  nor  followed  by 
any  other  strata  exactly  analogous  to  the  English  ; 
with  the  exception,  in  some  parts,  of  a  sandstone 
which  must  be  classed  with  the  green  sand  of  the 
sonthern  division  of  our  island. 

It  is  easy  enough  unqnestionably,  with  the  pos- 
session of  limestone,  sandstone,  clay,  and  shale,  since 
there  are  virtually  no  other  strata,  to  make  or  assign 
any  order  which  a  geologist  who  is  anxious  only  for 
his  theory  may  wish.  If  any  member  of  the  great 
secondary  series  may  he  wanting,  as  is  the  fact,  and 
if,  ont  of  these  fonr  rocks,  the  characters  and  aspect 
of  any  one,  or  of  the  whole,  are  so  iudc6nitc  and 
vacillating  as  we  know  them  to  be,  while  the  nature 
of  the  oi^anic  remains  are  further  incapable,  sepa- 
rately, of  proving  either  an  identity  or  a  dissimilarity, 
as  is  also  trne,  it  is  evident  that  any  assertion  may  be 
made  on  such  a  subject,  without  an  effectual  risk  of 
contradiction.  On  such  an  hypothetical  system,  it  is 
perfectly  easy  to  reduce  the  Scottish  series,  or  any 
^pther,  to  an  absolute  conformity  with  the  English. 
TTiey  may  he  the  same ;  but  it  is  better  to  be  cautions 
in  deciding,  lest  we  substitute  an  artificial  fabric  for 
real  knowledge.  Tliose  who  blamed  the  school  of 
Freyherg  for  reducing  the  whole  world  to  the  model 
of  Saxony,  should  be  cautious  lest,  in  another  de- 
partment of  their  pursuit,  they  fall  into  the  same 
error. 

Tlie  southern  deposit  differs  in  no  respect  from 
that  of  the  central  district.  The  red  sandstone  is 
followed,  partially,  by  the  mountain  limestone,  as  it 
IS  termed ;  and  the  whole  terminates  with  the  strata 
that  belong  to  the  coal  series,   which   must   bo  con- 
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sidered  as  a  mere  continuation  of  the  English  one  in 
the  conterminous  district. 

Jt  is  nearly  useless  to  inquire  whether  the  superior 
strata  of  England  have  never  been  deposited  above 
the  coal  series  of  Scotland  which  most  resemble  those 
of  the  former  country,  or  whether  they  have  once 
existed  and  been  worn  away.  This  is  not,  at  any 
rate,  the  place  for  sach  an  inquiry.  If  it  is  true  of 
the  middle  deposit,  as,  to  a  certain  extent,  is  not 
improbable,  it  may  equally  be  so  with  regard  to  the 
northern  and  western  ;  though,  in  this  last  case,  the 
proper  coal  series  is  wanting,  and  not  only  this,  but 
very  often,  the  rocks  beneath  it ;  while  the  caases  of 
waste,  supposing  this  to  have  been  the  fact,  have  ope- 
rated to  a  different  effect  in  the  two  cases. 
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CHAP.  XV. 

On  the  eiet^fifed  submarine  AllHiua. 

The  subject  of  Oic   present  cliaptcr  is  so  inliniately 
connected  with  that  of  the  following  one,  that  had  it,, 
not  been  for  the  novelty  of  thcDt:  views,  and  the  un-,, 
willingness  of  geologists  to  receive  an  arrangement  of, 
what  t|iey  have  so  lung  uiisundertitood,   I  should  have 
united  it  to  that  one,  and  thus  given  a  general  theory, 
of  all  the  deposit})  of  this  nature  which  arc  later  thua 
the  chalk,  and  which  have  been  so  confounded  under, 
the  term  tertiary.    But  I  have  another  reason  for  thus 
prcscr\ing  it  distinct.     It  was  tbas  printed  long  aga 
iu  the    Quarterly  Journal;    having  becu  separated 
from   the   latter   on  account   of    the  length  of   the 
whole;  thas  enabling  others  to  profit  by  those  views, 
in  claiming  as  a  recent  discovery,  what  was  also  written 
many  years  before  it  was  printed,  including  the  theory 
of  the  most  difHcult  of  the  tertiary  strata,   as  well  as 
of  the  latest  revolutions  of  the  earth. 

As  it  now  stands,  it  therefore  proposes  to  distin- 
guish this  particular  case  of  strata,  or  deposits,  5-oni 
those  which  are  found  in  basins,  he  they  marine  or 
lacustral,  or  both  united ;  as  it  furnishes  the  special 
evidence  for  the  following  views  of  the  most  diiiicult 
of  these :  showing,  namely,  that  some  of  the  basin- 
hliaped  deposits  have  been  elevated  to  their  present 
positions  by  analogous  causes.  And,  as  portions  of 
the  bottom  of  the  present  ocean,  they  require  to  be 
ficparalcd,  if  we  are  really  desirous  that  Geology  shall 
not  continue  to  be  a  disgraceful  chaus.  It  is  by  con- 
sidering causes,  not  facts  alone,  that  this  science  hai 
already   Itccomc   what   it  19,    in   distinguishiag    tht 
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primary  from  the  scoondary  strata,  the  stratibed  from 
the  unstratified  rocks,  the  great  coal  deposit  from  the 
Lignites,  aud  far  more. 

Hitherto,  these  deposits  have,  as  yet,  been  certainly 
found  only  in  Italy,  but  they  are  probably  not  limited 
to  that  country,  if  the  present  theory  be  correct.  For 
the  hare  facts  tliemselves,  we  are  indebted  to  Urocchi; 
but  as  be  has  siu^^ulurly  failed  in  his  attempt  tn 
exphtin  them,  1  have  endeavoured  to  supply  thut  defi- 
cienc)-;  wthout,  however,  presuming  to  suggest  auy 
alterations  in  his  views  of  the  facts  themselves.  Where, 
in  some  cases,  tliosc  seem  deficient,  I  have  merely 
proposed  amendments  on  his  own  principles.  It  is 
an  extreme  abuse,  on  the  part  of  systematic  writers, 
to  determine  what  an  observer  ought  to  have  seen ; 
as  this  practice  may  be  made  subser\'ient  to  any 
hypotliesis,  aud  as  it  renders  all  observation  nscless  : 
but  there  is  no  rule  of  philosophy  against  the  attempt 
to  reconcile  the  observations  of  others  to  general 
principles,  where  the  obsen-'ers  tliemsclves  may  have 
failed.  The  Italian  nlluvia  in  question  have  been 
hitherto  classed  witlt  the  tertiary  or  fresh  water  de- 
posits, without  any  attempt  at  distinction,  or  at  an 
explanation  of  their  origin  :  while  these  Subapeuniue 
formations,  as  they  were  called,  have  been  held  to 
contain  great  mysteries,  which  were  hopeless,  but 
likely  to  furnish  the  cine  to  the  later  revolations  of 
the  Jbiarth.  That  mystery  is,  I  trust,  here  solved,  by 
a  ver)'  simple  review  and  arrangement  of  plain  facts. 

The  task  of  Siguor  Brocchi  would  not  have  been 
left  to  another,  had  he  paid  more  respect  to  the  theory 
of  his  countryman  Lnz/.aro  Moro,  to  whom  tliis 
science  owes  a  debt  which  his  successors  have  been 
most  unaccountidjly  unwilling  to  acknowledge.  That 
a  tato  illustrator  of  this   iheurv    under  a  uinch  more 
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uiodcru  name,  with  tlie  advantage  of  a  personal  exa- 
mination, did  not  form  the  same  conclusion,  valuable 
as  it  mnsT  have  been  to  the  System  which  he  defended, 
might  be  used  by  his  admirers  as  an  argument  against 
the  view  here  given;  but  the  conclusiuns  of  one 
philosopher  form  no  ride  for  those  of  another ;  and 
personal  examination  has  not  always  discovered  Truth. 
For  the  entire  geography  of  those  appearances  I 
must  refer  to  Brocchi's  own  writings :  it  is  sufficient 
here  to  say,  that  this  deposit  occupies  many  low  situa- 
tions, and  also  forms  or  cover*  a  range  of  hills  at  the 
foot  of  the  Apcnnine;  occurring  in  various  places,  as 
in  Piedmont,  near  Placentiaand  Parma,  and  along  the 
north  side  of  this  ridge  to  Otranto ;  while,  on  the 
sonth,  it  is  found  at  Orvieto,  Rome,  Terracina,  and 
elsewhere,  thus  skirting  the  ridge  on  this  side  also. 
In  the  same  maancr,  it  is  found  at  Vicenza  and 
Verona,  or  at  the  fool  of  the  Alps  a»  well  as  the 
Apennines;  so  tbnt  the  term  Subapcnnine  is  not  very 
well  chosen.  By  putting  together  Signor  BrocchPs 
facrts,  as  he  has  himself  forgotten  to  do,  it  is  indeed 
easy  to  sec  that  nearly  the  whole  promontory  of  Italy 
is  more  or  less  covered  by  this  interesting  deposit,  that 
it  does  not  necessarily  form  hills,  and  that  it  is  de- 
ficient, only  where  its  deficiencies  mav  be  accounted 
for,  either  by  the  waste  and  absence  of  the  superficial 
piirts  on  the  higher  ridges  of  the  fundamental  moan- 
tains,  or  by  volcanic  eruptions  and  earthquakes,  or 
histly,  by  the  action  of  rivers,  which  have  washed  it 
away,  or  have  covered  it  with  other  alluvia  of  the 
usual  recent  terrestrial  origin. 

The  general   deposit,   given  by   Brocchi   under   a 

•  common  term,  consists  of  two  beds,  and  it  is  essential 

to  distinguish  these  where  they  are  regular ;  because, 

being  confused  in  some  places,  tbey  have  »omctime« 
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been  described  in  a  carrless  manner,  as  if  this  wus  « 
part  of  their  natural  character.  Thus  they  have  been 
said  to  consist  of  luarl,  sand,  and  gravel,  together 
with  sand!jtone  and  occasional  l)reccias,  containing 
various  marine  and  terrestrial  remains.  In  a  genera! 
sense,  the  beds  may  be  considered  horizontal;  or  rather, 
as  placed  at  low  angles ;  being,  therefore,  nnconform- 
able,  under  the  usual  variations,  to  the  inclined  calcu- 
rcoos  strata  of  the  Apennine  on  which  they  lie. 

The  marl  bed,  which  is  the  lowest,  is,  in  some 
places,  of  an  ai^llaceons  nature,  in  others,  argilto- 
calcnreous;  often  also  contaiuiiig  mica.  As  it  is 
sometimes  ^imting,  the  upper  bed,  which  consists 
principally  of  sand  and  gravel,  occasionally  rests  im- 
mediately on  the  soHd  and  fimdamental  limestone. 
The  lowest  stratum  is  the  repository  of  different 
mineral  substances,  such  as  the  sulphates  of  lime, 
strontian,  and  barytes,  and  of  flint,  quartz  crystal,  py- 
Tites,  bog  iron  ore,  sulphur,  and  bitumen*  Salt  springs 
also  rise  out  of  it,  and  it  occasionally  gives  vent  to 
hot  water  and  sulphuretted  hydrogen  ;  from  the  vici- 
nity, probably,  of  volcanic  materials.  The  npper  bed 
consists  of  silicco-calcareous  or  siliceous  sand  and 
gravel,  often  containing  mica  and  yellow  ochre;  while 
in  some  places,  as  at  San  Marino  and  Volterra,  it 
becomes  a  solid  sandstone.  It  does  not  everywhere 
cover  the  marl  bed,  being  occasionally  deficient.  This 
deposit,  it  may  be  added,  is  sometimes  acconipaincd  hy 
the  partial  breccias  jnst  noticed,  consisting  of  frag- 
ments of  the  older  rocks,  occasionally  c<mtainiog 
shells. 

If  we  take  both  these  beds  together,  as  Rrocchi 
has  sometimes  done  from  not  seeing  the  value  of  the 
distinction,  the  organic  remains  contained  in  them 
exhibit  great   coofiuion   of  origin.     They   compnse 
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uuuici-ous  mtirinc  objects,  consisting  of  shells  anO 
fishes;  bat  these  are  far  more  ;tbiiiid<uit  in  the  marl 
than  in  the  sand;  while  very  extensive  tracts  of  ftllnvia 
&re  found  without  any.  'Hie  shells  are  said  to  be 
sometimes  similar  in  both  beds;  but  it  is  important 
to  remark,  that,  where  they  abound,  they  arc  found 
as&ociatcd  in  families;  a  proof  that  they  have  not 
been  transported,  bul  that  they  now  lie  where  they 
were  originally  produced.  Some  of  these  animah 
are  admitted  to  exist  in  the  present  seas  of  Italy, 
while  others  are  supposed  to  be  exotic  or  else  nn- 
knowD ;  but  a  great  deal  of  obscurity  has  been  intro- 
duced into  this  latter  part  of  the  subject  by  Volti 
and  others;  partly  from  ignorance  of  this  branch  of 
natural  history,  and  partly  from  the  theory  to  which 
they  thought  it  necessary  to  make  every  thing  con- 
form. It  is  essential  to  observe,  that  the  shells  often 
retain  tlie  ligaments,  and  the  fishes  their  animal 
matter;  a  proof  of  the  suddenness  by  which  they 
liave  been  elevated  above  tliu  waters  and  dried.  Nor 
is  it  less  important,  that,  among  these,  arc  found  a 
far  greater  number  of  S|}ccie8  analogous  to  and  iden- 
tical  willi  existing  ones,  than  even  in  the  other  strata 
which  follow  the  chalk.  Out  of  240,  there  arc  139, 
according  to  Brocchi,  of  this  description;  a  fact  which 
assists  in  indicating  a  date  for  these  deposits,  probably 
more  recent  than  those  of  some  other  tertiary  form- 
ations, and  depending  on  a  separate  and  local  cause. 

Besides  these  more  commou  marine  remains,  there 
«i*e  found  the  bones  of  whides  and  dolphins;  and  even 
entire  skeletons  of  this  nature  have  been  discovered 
at  elevations  of  1200  feet  above  the  sea.  It  is  ftirther 
remarkable,  that  the  bones  of  the  whales  have  been 
found  incrustcd  with  oyster  shells,  and  that  they  are 
almost  always  in  a  state  of  high  preservation ;  a  proof 
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^■that  they  have  not  been  brought  from  a  distance,  or 
^Hthat  these  are  not  transported  alluvia.  'I'hc  terrestrial 
^^reniains  generally  occur  a  few  feet  beneath  the  surface, 
and  are  therefore  commonly  in  the  sand  or  gravel,  or 
in  the  upper  bed;  but  as  that  )x:d  is  occasionally 
absent,  they  arc  also  found  in  the  mnrl.  They  consist  of 
the  bones  of  the  Rhinoceros,  Elephant,  Hippopotamus, 
Mastodon,  Urus,  and  Elk,  tojjcther  with  tlie  horns 
of  Stags;  and  to  these  must  be  added  vegetable  re- 
mains, consisting  of  tmnka  and  fragments  of  trees,  to- 
gether with  leaves  often  little  altered,  fresh  water 
shells,  and  lastly,  fragments  of  travertino,  or  alluvial 
rocksj  with  vegetable  calcareous  incrustations  resem- 
bling those  which  are  daily  formed  in  situations  where 
solutions  of  carbonat  of  lime  flow. 

Besides  these  two  remarkable  beds,  many  parts  of 
Italy  present  superficial  strata,  some  of  which  are 
peculiar  to  itself,  while  one  is  common  to  all  eoun- 
tries.  This  last  is  the  ordinary  alluvium  of  rivers; 
such  as  that  of  the  Po  and  Adigc  to  the  northward 
of  the  Apennine,  and  that  of  the  Tiber  to  the  south- 
ward. Those  which  are  peculiar  to  it,  are  the  solid  eal- 
curcons  alluvial  rock  called  Travertino,  loose  tnfaceous 
matters  of  the  same  nature,  and  volcanic  tufas.  The 
plain  of  Sarteano,  the  Mareuima  of  Tuscany,  the 
Solfatara,  and  the  vicinity  of  Rome,  offer  examples 
of  these  strata.  The  calcareous  substances  sometimes 
contain  fresh  water  shells  aud  vegetables;  nor  arc 
these  always  absent,  even  from  the  volcanic  tufus. 

Hence  arises  a  confusion  which  requires  to  be  ex- 
plained, beciiuse  it  has  very  much  obscured  this  sub- 
ject. And  the  chief  soun'e  of  this  consists  in  the 
transportation  of  the  volcanic  substances,  and  in  their 
cementation  by  means  of  the  calcareous  waters  which 
flow  from  the   Apennine.     In  consccpience   of  this. 
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they  sometimes  contain  matters,  the  presence  of  ivhich 
would  otherwise  be  iinawountablfi,  such  as  vegetables, 
and  land  or  river  shelU.  In  the  same  way,  thry  al- 
ternate, or  arc  strangely  and  irregularly  intermixed 
witli  the  travertine  and  the  loose  alluvia  of  the  rivers; 
wliile  they  are  also  found  in  places  far  from  the  vici- 
nity of  recent  volcanoes,  or  from  even  the  suspicion 
of  autient  ones. 

■  It  is  easy  to  comprehend  the  fallacies  that  must 
have  arisen  from  niisapprehL-nding  the  real  nature  of 
these  appearances.  When  also  an  opinion  of  their 
unintelligible  derangement  had  once  been  adopted, 
much  more  coufnsiou  than  was  actually  present  was 
supposed  to  exist,  thouqh  a  little  attention  would 
have  solved  all  the  imagined  difficullies.  Had  Brocchi 
originally  proceeded  on  a  proper  theory,  It  is  probable 
that  he  would  have  found  every  thing  easy,  and  have 
rendered  it  equally  so  to  his  readers. 

Tliough  it  is  said  that  similar  shells  are  sonietimea 
found  in  both  tlie  alluvial  beds,  and  that  the  more 
conspicuous  marine  remains  occur  in  both,  it  is  de- 
cidedly stated  that  these  are  far  more  numerous  in  the 
marl  bed  than  in  the  arenaceous  one.  As  1  have  un- 
dertaken to  prove  that  the  lower  or  marl  bed,  at  least, 
is  a  marine  alluvinm,  and  the  upper  probably  a  ter- 
restrial one,  it  is  necessary  to  try  to  reconcile  these 
anomalies,  as  well  as  lliat  which  consists  in  tlie  con- 
fusion among  the  volcanic  tufas  and  the  alluvial  snb- 
sUmces.  The  entire  absence  of  all  organic  reraaiua 
requires  no  explanation. 

Where  the  terrestrial  alln\*ia  arc  wanting  the  organic 
substances  that  would  otherwise  be  found  in  them, 
must  necessarily  appear  to  lie  in  the  marine  or  lower 
utratum,  however  slightly  covered  or  truly  superficial 
they  may  be.    If  even  found  somewhat  deeper,  it  U 
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not  difticnlt  to  understand  lio\r  this  might  happen,  as 
well  as  how  the  marine  remains  may  occusionallv 
occur  in  the  upper  allnvia.  Revohitions  of  the  surface^ 
and  principally  from  partial  transportation  by  rivers, 
must  inevitalily  have  generated  much  confusion  of  this 
kind,  capable,  even  in  tlie  hands  of  a  g;ood  observer, 
of  niisleadino;  him  in  his  conclusions^  unless  previously 
on  his  guard  to  distinguish  appearances  ■which,  even 
then,  are  often  very  difficult  to  discriminate.  Oc- 
casional marks  of  transportation  might  easily  be  over- 
looked over  ao  enormous  space,  when  the  principal 
facts  were  of  a  different  nature;  as  these  latter  would 
form  a  sort  of  standard  for  the  whole,  and  would 
naturally  lead  to  a  neglect  of  such  petty  variations  as 
seemed  to  be  uninteresting. 

Not  to  prolong  this  exainination  too  far,  I  shall 
merely  suggest  two  more  circnmstanees  which  may 
easily  prove  sources  of  error  in  reasoning  about  these 
Italian  alluvia.  It  is  fiir  from  certain  that  the  two 
beds  can  every  where  be  distinguished  merely  by  their 
natures,  exclusively  of  the  remains  which  they  con- 
tain. A  sandy  stratntn  luust  necessarily  in  some 
places  have  formed  the  Iwttom  of  the  sea,  as  well  as 
a  muddy  or  marly  one.  Thus  the  mariuc  allnvtnm 
may  easily  Im.*  confounded  with  the  terrestrial  one; 
Ireds  of  alluvial  matter  not  admitting  of  that  separation 
which  so  generally  marks  different  solid  strata,  even 
where  the  nature  of  the  two  beds  in  contact  is  the 
same.  It  is  possible  indeed  that  much  of  the  appa- 
rently terrestrial  alluvium  is  itself  marine;  a  suspicion 
which,  it  will  be  seen  in  a  future  chapter,  attaches  to 
many  alluvial  deposits.  It  is  also  notorious  that  vol- 
canic eruptions  and  earthquakes  have  produced  great 
confusion,  even  in  recent  times,  in  many  parts  of 
Italy:  and  when    we  consider   the  great   nnraber   of 
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antient  volcanoes  in  that  country,  wc  need  be  at  no 
loss  in  assigning  reasons  for  disturbances  and  ano- 
jpalies  in  the  appearances  of  the  superBcial  strata. 

The  proposed  explanation  of  these  appearances  is 
perhaps  already  obviooa  to  the  reader.  Jt  is  that 
Italy  in  general,  is  covered  by  one  marine  stratum  in 
which  the  organic  remains  lie  in  an  alluvial  bed,  un- 
transportcd  and  undisturbed;  and  that,  above  this, 
there  lies  a  terrestrial  stratum,  however  originating, 
and  analogous  to  those  of  other  countries,  which  con- 
tains the  remains  of  land  animals,  similarly  analogous, 
in  all  respects,  to  those  which  are  found  in  most  other 
parts  of  Europe. 

It  remains  to  explain  this  state  of  things,  or  to  give 
a  theory  of  the  alluvial  deposits  of  Italy.  That  theory, 
if  just,  ought  to  be  applicable  to  similar  cases  of  marine 
alluvia  found  high  above  the  level  of  the  sea,  should 
such  hereafter  be  discovered  iu  other  places;  and  it 
will  thus  furnish  ns  with  a  new  key  for  the  solution 
of  a  certain  set  of  geological  phenomena,  for  which 
no  other  branch  of  any  of  the  general  theories  pro- 
vides an  adequate  explanation.  It  is  important  to 
remark  how  accurately  this  partial  tlieory  ramifies 
from  the  general  one  here  adopted  respecting  the 
present  positions  of  strata;  and  how  valuable  a  test 
of  any  theory  it  is,  to  be  thus  provided  with  the  means 
of  explaining  appearances  that  could  not  have  been 
anticipated  when  it  was  formed.  Had  Lazzaro  Moro 
taken  a  wider  and  more  acciu-atc  view  of  the  circum- 
stances by  which  he  was  surrounded,  the  present  ex- 
planation wonld  not  have  been  rctjuired. 

In  the  phenomena  tliat  have  been  described  in  the 
eighth  Chapter,  the  positions  of  solid  rocks  alone, 
containing  marine  remains,  were  examined,  and  the 
causes  assigned,  as  far  as  the  appearances  permitted. 
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III  the  present  case,  we  see  the  genns  of  these  very 
submarine  strata,  exposed  before  their  coiiiiulidation, 
and  probahly  presenting  tlie  appearances  which  they 
do,  uiercly  because  tliey  are  of  more  recent  date.  And 
instead  of  being  compelled  to  seek  for  causes  by  a 
circuitous  and  analogical  roud,  we  find  these  at  band 
in  the  general  volcanic  nature  of  the  country  auder 
review;  while,  in  some  places,  we  can  almost  trace 
the  very  cause  itself  in  action. 

In  different  places,  and  in  Italy  very  particularly, 
it  has  been  observed  that  the  relative  level  of  the  sea 
and  land  is  subject  to  change,  and  that  it  has,  in  post 
times,  undergone  frequent  alterations.  The  present 
case  may  be  considered  an  extreme  one  of  that  nature; 
in  conse(|uenee  of  which  the  bottom  of  the  sea,  to- 
gether with  its  consolidated  alluvia,  has  been  raised 
above  the  surface  of  the  water,  so  as  to  have  become 
dry  land.  Thus  it  is  easy  to  account  for  the  presence 
of  marine  remains,  as  well  as  for  their  existence  in 
that  singularly  undisturbed  state  which  has  been  de- 
scribed. 

It  is  equally  easy  t<)  account  for  the  proximity  of 
the  marine  and  the  terrestrial  remains,  as  also  for  that 
of  the  alluvia  which  respectively  enclose  each.  What- 
ever cause  or  causes  generated  the  usual  terrestrial 
uUuviii  that  occur  all  over  the  world,  these  arc  thought 
to  have  been  deposited,  in  most  cases,  upon  naked 
rock.  In  this  partinilar  one,  they  have  settled  on  a 
previous  alluvium  of  a  different  character,  and,  as  far 
as  our  present  imperfect  obRcrvations  go,  solitary. 
The  apparent  interference  of  the  two  classes  of  organic 
remains,  follows  of  course.  If  that  interference  Is 
ever  greater,  so  as  to  amount  to  a  toaI  mixture  or 
alternation,  it  is  explained  by  a  variety  of  cireuin- 
stanees,  consLsting  in  more  recent  changes  frouv  tV» 
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actions  of  rivers,  and  from  volcanic  deposits;  and 
in  the  imperfection  of  observations,  the  real  bearings 
and  value  of  which  vere  not  anticipated  by  the  ob- 
server. 

It  follows  that  the  elevation  of  the  laud  of  kaly 
vhich  is  the  origin  of  these  phenomena,  is  to  be  attri- 
buted to  the  same  causes  that  are  now,  there  producing 
smaller  changes  in  the  relative  level  of  the  sea  and 
land,  by  elevating  the  latter.  They  are  the  same  vol- 
canic actions  which  raised  Suntorini  from  beneath 
the  ocean,  and  wliich  Imvc  produced  tlie  phcDoracna 
of  the  Coral  islands,  detailed  in  a  following  Chapter. 
Of  whatever  date  these  events  may  be,  they  arc  an- 
terior to  all  history. 

It  is  now  evident  that  if  a  similar  occurrence  were 
to  take  place  at  present^  the  submarine  alluvial  stratum 
with  all  its  iinliedded  remains,  would  exhibit  the  same 
appearances  as  the  lowest  of  the  Italian  btrds  does: 
and,  that  the  skeletons  of  whales  should  be  found  in 
an  entire  state,  at  elevations  of  1200  feet  above  the 
level  of  the  sea,  is  no  more  surpriiiing  than  that  they 
should  be  found  at  all.  'ITiis  particular  fact  is,  how- 
ever, important,  as  showing  the  vertical  extent  of  this 
elevation,  jnst  as  the  geography  of  the  marine  remains 
demonstrates  that  of  its  superficial  one.  For  want  of 
more  accurate  information,  we  may  here  take  these 
as  Siguor  Brocchi  has  given  them,  for  the  extreme 
limits  both  ways;  and  thus  we  can  estimate  vbat 
Italy  wa.H  [)efore  tliis  cliauge,  and  how  much  of  it  has 
been  the  consequcucc  of  a  volcanic  elevation,  more 
recent  than  those  extensive  changes  of  the  same  nature 
which  caused  and  dctcniiincsl  the  present  general  dis- 
trlbntion  of  the  laml. 

The  general  height  of  the  Apenninc  is  well  known; 
and,  on  the  present  suppo.sition,  the  whole  of  that 


chain,  from  its  greatest  elevation  down  to  that  of  1200, 
mast  be  supposed  to  have  formed  a  ridge  rising  above 
the  sea;  taking  the  skfletons,  from  Brocchi's  facts,  as 
the  extreme  measure.  I  need  not  extend  these  con- 
jectures to  the  side  of  the  Alps,  as  the  reader  can 
easily  pursue  these  speculations  at  his  leisure.  It  is 
probable  that  at  the  period  at  tvhich  modern  Italy 
was  produced,  the  wholeof  thecentiul  chain  experienced 
a  fresh  elevation  to  the  altitude  of  at  least  1200  feet, 
and  over  a  superficial  space  which  reaches  from 
Otraoto  at  one  end  of  the  countrv,  to  Piedmont,  and 
to  the  foot  of  the  Alps  at  least,  generally,  on  the  other 
side.  If  otliers  choose  to  imagine  that  only  those 
parts  were  thus  elevated  which  now  possess  the  sub- 
marine alluvium,  this  would  make  no  difference  in 
the  gcnci-al  views,  since  that  force  which  was  suffi- 
cient to  move  so  large  a  part  of  Italy,  might  as  easily 
have  moved  the  whole.  This  is  a  circumstance  that 
might,  however,  be  put  to  the  proof,  by  examining 
the  stratification  of  the  Apennines  in  a  proper  man- 
ner. Some  dislocation  or  discontinuity  in  the  order 
of  the  stratification  will  be  found  at  a  certain  elevation, 
if  this  supposition  be  correct;  and  I  may  here  point 
ont  to  those  geologists  who  may  have  an  opportunity, 
the  interesting  circumstances  of  various  kinds  which 
still  await  them  in  Italy,  from  the  views  of  the  nature 
of  that  country  which  I  have  here  given.  If  it  should 
be  suggested  that  the  whole  of  Italy,  even  to  the 
highest  point  of  the  Apennines,  was  raised  at  one 
period  from  beneath  that  ocean  in  which  the  lime- 
stone of  this  ridge  was  formed,  the  absence  of  th« 
marine  alluvium  from  the  higher  parts,  would  be  ac- 
counted for  by  denudation. 

Though  these  phenomena  may  not  possess  so  high 
an  interest  as  the  great  elevations  of  the  coutinents^ 
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they  arc  of  a  much  more  impressive  character,    from 
the  gi'eater  facility  with  which  wc  connect  the  caaaes 
and  the  effects.      The  others  we  view  through  the 
mist  of  ages  so  distant,    that  they  excite  in  ns  no 
personal    interest,     while  we  often  feel    inclined  to 
douht  conclusions  attended  by  cou^jeqnences  revetting 
to  our  narrow  experience.   It  is  necessary  yet  to  point 
out  one  collateral  circumstance,    which  is  not  only 
interesting  in  itself,  hnt  which  strongly  confinns  tlm 
views  here  held  ont.      That  is,    the  suddenness  or 
rapidity  of  the  action  which  produced  these  important 
events.     This  might  be  concluded  from   the   nndis- 
tnrbcd  state  of  some  of  the  shells   and  skeletons   al- 
ready mentioned ;   but  it  is  still  more  strongly  proved 
by  the  preservation  of  the  animal  matter  in  the  liga. 
ments  of  the  bivalves,    and  by  tlie  condition  of  the] 
fishes  of  Monte  Bolca,    belonging  to  tlic  lower,    orj 
marine  alluvium,  in  which  the  muMnilar  substance  iS| 
converted  into  a  kind  of  glue  :  a  fact  observed  in  noj 
other  case.       The  well-known  specimen,   in  whici 
one  fish  is  thought  to  have  been  arrested  in  the  ai 
of  swallowing  luiother,    proves  the  same  thing. 
may  here  fdso  observe,     that  the  condition  of    the 
fossil  fishes  of  Iceland  throws  light  on  this  remark- 
able deposit.     These  arc  found  iniliedded  in  an  indn- 
rutcd  nnid  or  marl,  at  Patriks  Fiord,    where  it  is  said 
they  arc  now  in  the  act  of  being  formed.     The  fish, 
Irt.a  living  state,  or  perhaps  b«t  jnst  dead,    seems   to 
have  been   fir&t  entangled  in  a  soft  mtid,  that  has 
afterwards  been  firmly  attached  to  it  by  means  of  the 
animal  matter  which  has  mixed  itself  with  tliat  sub- 
stance ;    while  the  harder  parts,  or  the  Imnca  and  the 
scales,  remahi  unchanged.     Thus   the  nodalu   which 
eniJoses  them  is  first  produced,    uud  it  remaiuB  im- 
Ij^llcd  ill  the  surronnding  matcriiils. 
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In  quitting  this  subject,  I  must  point  out  to  geo- 
logists, the  propriety  of  examining  all  the  countries 
which  arc  (inalogons  to  Italy  ;  since  the  same  cir- 
cumstances respecting  the  alluvia  may  possibly  exist 
in  many  other  places.  It  is  scarcely  necessary  to 
name  those  where  sucli  phenomena  may  be  sought 
for ;  tliough,  as  being  the  most  easy  of  access,  and 
as  presenting  the  most  satisfactory  examples  of  vol- 
canic elevation,  i  may  poiut  out  Sicily,  and  Auvergne, 
together  with  the  Azores  and  the  other  volcauic 
islands  of  the  African  coast,  as  veil  as  St  Helena, 
Ascension,  and  perhaps,  Owhyhee.  It  ought  also  to 
be  entered  among  the  perpetual  subjects  of  retrospect 
in  every  geologist's  recollection,  that  as  all  the  supra- 
marine  land  bus  apparently  been  elevated,  by  some 
causes,  frouj  the  bottom  of  the  sea,  there  may  be 
submarine  alluvia  beneatli  terrestrial  ones  in  many 
countries  which  show  no  traces  of  a  volcanic  nature, 
or  of  a  volcanic  origin.  It  is  quite  possible  that  this 
may  have  been  the  true  sour(£  of  many  of  the  ap- 
pearances connected  with  alluvia,  and  with  fossil  re- 
mains of  different  origins,  that  have  been  the  causes 
of  so  much  trouble  to  observers.  I  shall  have  occasion 
hereafter  (in  the  twenty-first  Chapter)  to  show  that 
the  elevations  of  the  land  have  probably  taken  place 
at  very  distant  periods,  and  tliat  the  causes  operated 
through  a  long  series  of  ages.  Hence  there  may  be 
a  chain  of  intervals  in  time,  connecting  the  most 
remote  catastrophes  of  this  nature  with  that  of  Italy, 
and  uniting  even  this  one,  with  the  elevation  of  the 
Coral  islands,  described  in  the  seventeenth  Chapter, 
and  with  the  still  later  formation  of  volcanic  islands. 
Among  some  of  these,  wc  might  therefore  expect  to 
6nd  appearances  analogous  to  those  which  form  the 
lubject  of  this  discussion  ;    as  wc  can  scarcely  con- 
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ceivc  soch'an  extensive  elevation   of  rocks,    without 
inn  accompanying  one  of  the  unconsolidated  matcriaU 
also,    which  chanced  to  be  present.       It  is  sufficient 
however,  to  have  suggested  this  possible  case. 

I  rciuarked,  at  the  commencement  of  this  chapter, 
that  the  deposits  here  discussed  had  been  confounded 
with  the  other  recent  or  tertiary  strata,  Unques- 
tionably, there  is  a  similarity  in  the  strata  and  in  the 
imbedded  substances,  even  where  it  is  demonstrable 
that  the  former  are  the  produce  of  acstuaries,  or  of 
basins ;  bnt  it  is  one  that  is  plainly  necessary,  tmdcr 
whatever  difference  of  circnmstances  they  may  re- 
spectively have  been  produced.  In  both  cases,  tliey 
could  have  been  but  the  materials  which  arc  deposited 

>  tinder  sea  water,  and,  in  both,  they  must  have  con- 
tained analogous  animal  remains.  But  it  must  be 
evident,  that,  while  those  remains  may  present  pecu' 
liarities  in  the  one  situation,  not  existing  in  the  otheri 

>  the  alluvia  under  review  occupy  positions  very  dif- 
ferent from  those  of  any  aestuary  or  lake  that  can  be 
imagined.  It  will  yet  however  remain  to  be  seen, 
whether  some,  even  of  those,  may  not  belong  to  this 
division;  as  I  shall  soon  proceed  to  show  that  ana- 
logous causes  arc  retfuired  for  the  explanation  of 
tnany  of  those  which  occupy  elevated  positions. 
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icposits   called  tertiary  and  frejsk-water 
Formations. 

Geology  yet  wants  a  fit  name  for  those  tleposits  of 
strata  which  arc  later  than  the  Chalk.  IF  the  older 
rocks,  up  to  tliis  point,  could  be  rightly  distinguished 
into  primary  and  secondary  only,  the  word  tertiary 
wonld  be  snfficiently  appropriate ;  but  under  the 
better  classification  which  I  shall  hereafter  propose, 
some  other  distinction  will  be  necessary.  The  term 
fresh-water  formations  is  in  every  way  objectionable ; 
since  it  confounds  the  deposits  of  antient  marine  2M-' 
tnaries  or  basins,  with  those  of  fresh-water  lakes. 

On  this  subject,  our  information  is  still  imperfect, 
rapidly  as  it  has  increased  of  late ;  partly  because  of 
limited  observations,  and  partly  because  of  hypotheti- 
cal and  false  views  respecting  some  of  the  principal 
deposits ;  misleading  other  observers  to  substitute 
imagination  for  facts.  But  I  hope  to  show  that  many 
distinct  things  have  been  confounded  under  one  term; 
and  with  the  consequence,  as  I  trust,  of  hereafter 
procuring  better  observations  from  the  geologists  who 
may  undertake  this  subject.  When  this  shall  happen, 
there  will  be  little  diHiculty  in  filling  up  the  details  of 
what  I  must  here  give  in  the  most  general  manner. 

Whatever  confusion  may  have  been  made  on  this 
subject,  this  general  character  belongs  to  all ;  to  those 
which  properly  demand  the  present  place,  to  the  strata 
nieniioned  in  the  last  chapter,  and  to  the  alluvial  de- 
posits of  the  EPStuaries  of  the  present  ocean  ;  namely, 
that  they  are  found  lying  on  the  chalk,  or  on  whatever 
ftratum  of  the  f;reat  mariur  series  hapT[»et\i  Vo  W  vx^^'^ex- 
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most,  and  nnder  a  want  of  relation  or  parallelism  to 
those  strata.  Thus  they  are  easy  to  discover  and 
assign;  and  it  is  no  credit  to  geologists  that  they  were 
fto  long  overlooked,  and  so  perpetually  eonfonnded 
with  the  secondary,  and  even  with  the  primary  strata, 
as  had  been  done  in  the  case  of  the  "  bituminoos  marl 
slate."  I  shall  commence  by  making  those  distinctious 
among  them  which  have  not  yet  been  made ;  and 
thence,  as  I  hope,  elucidate  the  whole  subject. 

I  must  first  reject  entirely  those  strata,  be  they 
hard  or  loose,  and  whatever  remains  they  may  con- 
tain, marine,  or  terrestrial,  which  occur  in  any  place 
or  country,  where  it  can  be  shown  by  geographical 
investigation,  that  they  have  formed  a  portion  of  the 
bottom  of  the  actual  ocean.  The  remark,  thm 
stated,  seems  so  simple,  that  every  one  will  accede  to 
this  exclusion:  and  yet  that  distinction  has  been  so 
little  made,  that  many  of  the  tertiary  strata  described, 
are  of  tliis  nature :  as  these  discreditable  errors  have 
produced  a  very  great  part  of  the  confusion  which 
has  encumbered  this  subject.  And  let  it  be  remem- 
bered, that  if  the  bottom  of  the  present  ocean  extends 
to  the  foot  of  the  mountains  of  Upper  India,  as  to 
those  of  British  America,  covered  by  terrestrial  allu- 
via, there  are  thousands  of  similar  inland  places  in  the 
world,  where  the  same  facts  must  exist ;  as  it  is  most 
certain  that  these  deposits  have  been  often  confounded 
with  the  proper  tertiaiy  strata.  And  these  arc  the 
cases  also,  where  the  alternations  of  marine  and  ter- 
restrial remains  especially  occur;  under  circamstances 
precisely  the  same  its  are  now  taking  place  on  many 
sea  shores,  and  especially  at  the  aestuaries  of  rivers. 
To  class  these  with  other  tertiary  strata,  is  to  place 
an  efllrtual  bar  to  all  knowledge  or  hope  of  order: 
they  must  be  ranked  with  alluvial  formations;    for  to 
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those  they  as  properly  belong  as  tlic  present  sands  of 
our  sea  shores.  In  all  else,  it  is  a  mere  cjuestion  of 
time. 

The  last  chapter  has  also  excluded  a  whole  division 
of  deposits,  which  had  equally  been  confounded, 
sometimes  with  the  last,  but  more  generally  with 
those  which  I  am  about  to  rank  by  themselves  as  pro- 
perly deserving  a  separate  place  here.  The  differenees 
are  iinporUmt,  if  the  causes  of  both  have  sometimes 
been  the  same ;  for  these  are  deposits  formed  in  the 
present  ocean,  a  portion  of  its  bottom  nnder  a  for- 
cible change  of  place.  They  were  those  pn;parations 
for  future  strata  which  arc  still  forming  under  the 
sea  :  and  we  may  say  that  the  time  of  their  elevation 
has  been  anticipated. 

Excluding'  then  both  these,  there  remain  those 
which  I  shall  now  attempt  to  distinguish  and  explain: 
but  though  I  must  include  them  all  in  this  chapter, 
it  will  be  seen  that  they  demand  separate  classes,  as 
they  are  essentially  diftcrent,  under  two  leading  heads; 
while,  under  other  views,  they  may  even  demand  a 
further  subdivision.  If,  for  want  of  sufficient  facts,  I 
cannot  at  present  venture  to  divide  them,  future  geo- 
logists may  fill  up,  by  examples,  this  proposed  divi- 
sion ;  as  they  will  hereafter,  1  hope,  find  no  diffi- 
culty in  furnishing  the  facts  of  which  I  am  yet  in 
want.  Tlic  basis  of  arrangement  is  supplied  in  this 
theory. 

If  Lake  Superior  were  now  to  be  suddenly  drained, 
we  should  find  a  series  of  strata  covering  its  bottom  ; 
and  from  what  we  know  of  drained  lakes,  we  should 
diiicover,  at  leasts  sandstones,  shales,  and  limestones, 
together  with  loose  clay,  sand,  marl,  lignites,  and 
terrestrial  organic  fossils,  both  vegetable  and  animal. 
•Or,  if  it  wuic  to  be  filled  up,  through  the  dei>osit«  of 
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Its  rivers,  a  similar  series  would  occupy  tfiat  cavity, 
which  would  theu  be  a  huge  basin  of  tertiary  strata. 
On  a  small  scale,  this  fact  is  abundant  in  Scotland  : 
H*c  need  not  go  further  to  seek  for  what  may  be  called 
I^costral  fresh  water  fornmtions.  And  this  forms  an 
intcUigihle  divitiion;  dcniuuding  a  class  fur  itself,  as 
far  as  the  difference  between  fresh  water  and  salt  is 
entitled  to  claim  two  classes. 

If  we  turn  to  the  Caspian  sea,  and  reason  on  it  to 
the  same  manner,  the  same  conchuions  follow ;  and 
we  may  thus  form  a  division  or  class  of  Lacustral 
marine  formations.  The  qualities  of  the  strata  might 
possibly  differ,  or  they  niiglit  not ;  but  the  strikiug 
difference  to  a  zoologist,  would  be  found  in  the  nature 
of  the  organic  fossils.  They  would  be  marine,  as  far 
as  such  distinctions  are  secure  and  assignable.  But 
another  event  would  happen  iu  this  case:  and  thus 
would  follow  a  distinction,  the  nature,  aud  value, 
and  causes  of  which  have  been  strangely  misap- 
prehended, under  that  mixture  of  an  ignoi-ance  seek- 
ing for  catises  where  they  were  not  to  be  found,  and 
that  love  of  the  marvellous  which  has  been  far  too 
predominant  in  geology.  Where  the  rivers  enter, 
the  organized  beings  of  fresh  water  would  be  depo- 
sited ;  and  they  would  also  he  deposited  under  inun- 
dations, through  transportation.  It  is  the  exact 
parallel  to  the  lestuary  of  a  river  ending  in  the  ocean ; 
and  thus  would  there  be  mixtures  and  alternations  of 
marine  and  fresh  water  fossils,  of  animals  and  of 
vegetables.  Aud  further,  as  such  lakes  are  maiu- 
l»ined  iu  a  state  of  suhness,  only  because  they  have 
no  exit,  it  is  t^nceivable,  from  known  facts,  that  aucb 
Bu  exit  might  have  occurred  after  a  certain  time;  in 
V'hich  case  a  sail  lake  would  be  followed  by  a  fresh 
our  in  the  smU€  x^hvv,    whence  aUo    there    would 
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occur  a  change  of  the  organic  fossils  in  the  collection 
of  strata  formed. 

And  in  eacli  of  such  cases,  hypothetically  put  at 
present,  there  must  occur  purely  terrestrial  alluvia. 
The  uppermost  portion  of  a  drained  or  filled  lake 
must  always  he  of  tins  nature.  But  this  is  not  all. 
These  alluvia  are  progressive,  and  often  at  more 
points  than  one.  And  under  this  progression,  they 
arc  suhject  to  he  overwhelmed  by  inundations,  be- 
coming thus  buried  under  the  finer  materials  which 
form  the  bottom  of  such  hdios,  of  whatever  nature. 
This  fact  occurs  daily  :  and  thus  are  terrestrial  alluvia 
often  deeply  covered  by  materials  which  are  properly 
aquatic,  inasmuch  as  they  form  the  subaquatic  de- 
posits. This  is  coniinon  with  peat,  often  deeply 
covered  by  sand  or  mud,  and  thus  even  producing 
the  alternations  familiar  in  mountainous  countries. 
In  such  alluvia  also,  there  may  occur  the  remains  of 
terrestrial  animals,  whether  from  inundations  or  other 
causes ;  and  hence  may  such  remains  alternate  with 
mud  or  sand,  or  with  those  substances  after  conver- 
sion into  marl,  shale,  limestone,  or  sandstone. 

Now  what  1  have  thus  stated  hypothetically,  con- 
sists of  a  series  of  facts,  whichj  in  some  place  or 
other,  all  occur.  They  are  the  facts  on  which  a 
theory  is  always  safely  founded  :  it  would  he  well  if 
there  were  many  as  well  supported.  And  they  ex- 
plain every  essential  circumstance  which  has  ever  yet 
been  observed  in  such  tertiary  deposits  as  have  de- 
manded no  other  or  accessary  causes  for  tlieir  present 
condition.  Except  the  occasional  presence  of  gyp- 
snm,  there  is  nothing  unexplained,  thus  far.  Tlierc 
does  not  even  remain  one  of  those  imagined  mysteries, 
respecting  the  mixtures  or  alternations  of  marine  and 
^sh  water  fossils,  or  the  occurrence  nf  the  skeletons 
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of  qnadnipeds  in  such  deposits,  or  the  iiltcruatious  of 
these  and  their  loose  alluvia  with  solid  rocks.  I  have 
shown,  in  another  place,  that  crowds  of  skeletons  of 
land  animals  arc  sometimes  deposited  in  the  sea 
itself,  and,  in  a  former  chapter,  how  rocks  are  pro- 
duced from  thc8C  loose  materials,  And  thus  may  we 
dismiss,  through  a  simple  reasoning  from  the  most 
couiinon  facts,  all  the  wonders  which  have  been 
attached  to  these  basins,  with  their  deposits  and  their 
contents,  be  those  what  they  may. 

Thus  far,  all  is  simple.  There  arc  tertiary  stratai 
in  basins,  cither  of  fresh  or  of  salt  water,  in  both  cases 
Lacustral,  in  both  containing  terrene  cpiadrupcils,  in 
the  latter  case  containing  marine,  and  fresh  water,  or 
terrene,  rcnuiins  intermixed,  and,  in  both,  remaining 
in  the  very  places  where  they  were  formed;  remaining 
also  undisturbed,  and  as  easily  assignable  by  any 
geologist  deserving  of  this  name,  as  the  thousand 
more  limited  deposits  of  recently  extinguished  lakes. 
It  were  well  if  geological  investigations  were  always 
as  easy.  Tliat  the  deposits  of  Oeningen  should  have 
been  so  long  mistaken,  is  a  proof  of  the  very  scanty 
portion  of  observation  and  of  reasoning  which  geolo- 
gists have  contrived  to  possess  and  apply  to  their 
science. 

Thus  wc  have  a  division  of  tertiary  strata  which 
will  be  single,  if  wc  rest  it  on  tlic  fact  that  it  is  in 
sitUf  or  remains  where  it  was  formed;  while  if  the 
quality  of  the  water  be  held  a  necessary  ground  of 
further  di\ision,  we  must  make  two  classes.  I  am, 
myself,  inclined  to  consider  it  as  one  class  out  of 
the  two  into  which  I  should  divide  the  proper  tertiary 
strata.  Of  the  other  class,  the  history  and  the  theory 
both,  are  far  more  intricate;  though  I  liopc  to  show 
that  the  one  whicli  I   shall  propose  is  the  true  one. 


The  preceding  chapler  has  indeed  already  suggested 
what  this  theory  is  to  be;  aud  I  may  examine  ita 
probability  in  the  same  hypothetical  inunner,  Grst, 
aud  end,  as  before,  with  a  reference  to  the  facts  in 
evidence. 

Having  shown  that  the  "  Subapcnnine**  formations, 
are  the  bottom  of  the  present  ocean,  thus  elevated 
in  rimes  posterior  to  the  general  emergence  of  the 
secondary  strata,  it  is,  first,  plain,  that  aestuaries  must 
have  been  engaged  in  it,  forming  a  portion  of  the 
total  elevated  mass.  It  is  next  evident,  that  as  land 
already  supraniarine  was  further  elevated  in  this  ease, 
it  might  have  contained  lakes  of  any  nature,  and  in 
any  stage  as  to  the  formation  of  subaquatic  deposits. 
Thus  might  a  pure  basin  of  lacustral  formation  have 
been  elevated  by  the  volcanic  forces;  as  this  might 
aUo  be  cither  a  fresh  or,  a  saline  one,  or  further,  have 
contained  that  mixture  already  explained.  And  if 
there  be  such  a  basin,  it  may  exist  at  any  elevation 
equivalent  to  any  one  that  has  been  proved,  though 
not  limited  by  such  a  measure.  It  might  thus  be 
situated  as  high  as  the  highest  of  the  Subapenninc 
deposits,  or  as  high  as  the  coral  reaches  on  the  sides  of 
Monna  Roa;  not  to  make  more  extravagant  sup- 
positions, founded  on  the  elevations  of  limestones 
in  the  more  antient  times  of  the  globe.  Under  the 
same  hypothetical  view,  if  such  a  basin  of  strata  can 
be  distinguished  from  those  in  situ,  the  distinction 
should  be  sought  in  the  neighbouring  presence  of 
such  appearances  as  these  of  the  Snbapeiminc  deposits, 
and  in  the  disturbance  of  its  regularity,  under  modes 
analogous  to  those  which  occur  among  elevated  rocks 
in  the  older  marine  strata. 

Such  is  the  hypothetical  view:  a  deposit  of  snob 
character  oucht  to  exist :  the  fairts  will  show  wliether 
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it  does:  and  if  it  is  not  yet  known,  it  will  probably 
be  found  on  due  rcsearcb;  as  this  inference  a  priori 
will  form  the  guide  to  the  geoU^ist,  leaving  him 
nothing  to  do  but  to  observe.  This  is  the  true  use 
of  a  work  of  this  nature:  it  is  the  guide  and  the 
soUition  ill  one;  for,  if  the  views  be  just,  it  is  Science; 
and  all  that  follow,  are  artists  only. 

But  there  are  no  facts  to  this  extent;  for,  excepting 
Bome  very  scanty  records,  well  known,  the  confused  and 
undiscriniinating  descriptions  of  geologists,  numerous 
as  they  are,  teach  nothing  on  which  weciin  rely.  The 
fossil  shell  hiis  liud  more  charms  than  the  history  of 
the  earth ;  and  all  that  demanded  and  deserved  observa- 
tion has  been  superseded  by  petty  details;  easy  and 
worthless,  yet  not  without  their  poor  fame,  and  thus, 
tempting,  under  the  neglect  of  geology  and  the  abuse 
of  that  term. 

Yet  wc  are  not  without  evidence  of  some  kiud ; 
and  it  is  by  reasoning  on  this  principle,  and  this 
alone,  that  wc  can  explain  the  two  examples  which 
have  bcpn  best  studied.  If  it  does  not  tliercfore  prove 
such  a  supposed  case  as  I  have,  stated,  it  does  what 
is  far  more  valuable;  since  it  explains  those  exam- 
ples which  had  never  before  been  understood,  and 
respecting  ivhich  there  has  been  as  much  wonder 
and  mystery  on  the  one  hand,  as  there  have  been 
feneiful  or  fhlsc  explanations  on  the  other. 

I  alhidc  to  the  deposits  of  Paris  and  of  the  Isle  of 
Wiglit  more  particularly.  The  general  history  and 
nature  of  each  is  well  known  to  all  geologists;  hut 
the  facts  that  concern  us,  here,  are  soon  stated.  The 
basin  of  Paris  is  elevated  high  above  the  present 
ocean,  and  it  is  insulated.  I  need  here  take  no  notice 
of  its  alternations;  the  possible  causes  have  been  al- 
ready stated;  and  I  but  agree  with  many  geologists  of 
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that  country,  in  believing  that  there  is  none  of  that 
mystery  which  was  stated  in  the  orig-inal  report. 
Under  such  a  ^new  it  might  have  been  an  inland 
saline  lake,  but  it  might  also  have  been  an  aestuary 
of  the  ocean.  In  either  case,  it  is  explained  on  the 
principle  of  elevation,  under  the  reasoning  applied 
to  the  Subapenninc  formations. 

If  this  explanation  l:>c  thought  doubtfnl,  in  that  case, 
there  can  be  no  doubt  as  to  the  instance  in  the  Isle  of 
Wight.  The  vertical  position  of  the  chalk  is,  here,  an 
incontrovertible  proof  of  elevation,  of  a  partial  nature, 
posterior  to  its  original  emergence.  It  is  the  case 
f^  Italy  oil  a  limited  scale :  and  thence  the  conclusion 
is,  that  Eestuaiics,  as  veil  as  basins,  not  only  must 
have  been  elevated,  but  that  one  or  both  actually  have 
been  so. 

'lima  we  not  only  prove  the  possibility  of  such 
greater  elevations  as  I  originally  suggested,  but  are 
also  provided  with  a  solution  for  many  cases ;  of 
which  there  may  be  more  than  this,  and  under  many 
varieties,  yet  to  be  discovered.  The  condition  of 
modem  Italy  proves  that  the  relative  level  of  the  sea 
and  land  are  changing,  even  in  recent  times ;  as  its 
antient  one,  already  recorded,  proves  far  greater 
changes  of  the  same  nature.  ITierc  is  not  merely 
variation,  but  vacillation  of  level ;  and  I  shall  hereaf- 
ter show  that  this  is  a  common  occurrence  in  many 
places.  Thus  then  might  tertiary  deposits,  whether 
in  lakes  or  estuaries,  have  nudcrgonc  such  vacillations, 
and  to  great  extent,  in  those  antient  times  in  which 
volcanic  action  seems  to  have  been  more  powerful 
than  it  now  is :  and,  in  this  way,  we  find  the  means 
of  explaining  any  condition  of  these  tertiary  deposits 
m    that  can  be  imagined,  and  among  others,  such,  for 
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example,   as  a  real    alternation    between  a  maritiino 
aestuaiy  and  a  fresh  water  lake. 

Thus  may  I  end  this  general  view  of  the  nature 
and  dislinctions  oK  those  two  classes  of  deposits  to 
whieli  I  consider  that  the  term  tertiary  strata  should 
be  limited,  to  the  exclusion  at  least  of  the  others. 
Yet  they  evidently  demand  two  terms  and  two  distinc- 
tions. I  cannot  but  believe  that  it  will  prove  their 
true  theory  ;  and  that,  as  far  as  the  facts  go,  the  ex- 
elasions  which  I  have  made  will,  together  with  these 
distinctions,  bring  light  on  this  hitherto  dark  sulijcct* 
and  nltiniiitely  load  to  such  records  of  facts  as  will 
confirm  them,  while  they  complete  this  portion  of  the 
history  of  the  Earth.  I  may  proceed  to  notice  some 
of  the  recorded  cases,  as  being  probably  expected  in  a 
chapter  on  this  subject. 

Though  careful  investigations  into  this  portion  of 
geology,  date  only  from  the  report  of  Cuvier  and  Bron- 
gniart,  the  tirst  hint  of  such  deposits  seems  to  have 
originated  with  Lamanou  in  1782,  while  those  of 
Switzerland  attracted  the  attention  of  Count  Uazou- 
mowski  in  1789.  Of  those  which  have  been  noticed. 
the  following  examples  will  servo  to  show  that  ther 
form  an  extensive  class  of  strata,  to  which  future  exami- 
nation mnst  he  t'xpected  to  add  many  more. 

In  Europe,  there  have  been  obser\ed,  those  of 
England,  comprising  the  Isle  of  Wight  and  the 
London  district;  those  of  France,  including  the  basin 
of  Paris,  that  of  the  Loire  and  Allier,  that  of  the 
Garonne  and  Adonr,  with  those  of  the  Bouches  du 
Hlione,  and  of  Auvergne ;  to  which  may  be  added  those 
of  the  Rhine.  Similar  deposits  also  occur  in  the 
jyiorth  of  Gexmany,  from  Holland  to  Poland;  and  in 
Bavafiai  Switzerland,  Austria,  Hungary,  Transylvania, 
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Wallocbia,  Moldavia,  anil  Bohemia.  They  ha\^  tiir- 
thcr  been  observed  in  the  West  of  Italy,  in  S|)ain,  at 
Salonica,  near  Corinth,  and  near  Constantinople.  In 
South  America,  they  occur  near  Cumana,  at  Porto 
Cabello,  Cartagena,  and  Santa  Fe  de  Bogota,  as  also 
in  (madalonpe ;  and  many  have  aUo  been  named  in 
Northern  America  and  Asia. 

But  this  h  an  indiscriminate  mass,  according  to  the 
views  here  entertained ;  and  there  is  little  reason  to 
doubt  that  they  contain  examples  of  what  I  have  in- 
dnded  and  what  I  liave  here  Rcparatcd.  Bnt  it  h  not 
my  business  to  analyze  bad  observations,  or  tu  do 
what  the  rcpoitcrs  have  not ;  it  is  sallicicut  that  1 
have  shown,  in  the  preceding  chapter,  an  example  of 
such  analysis,  and  that  the  means  of  examiniufj  and 
arranging  them  are  furnished  by  the  present  one.  As 
for  OS  it  is  safe  to  conjecture,  tliose  of  Switzerland  arc 
lacustral  and  fresh-water  deposits;  those  of  Wallachiu 
Hnd  Moldavia  may  be  only  sestuaries  of  the:  present 
eea,  those  of  Italy  are  apparently  the  very  strata  de- 
scribed in  the  last  chapter,  and  those  of  Auvergue  may 
have  been  elevated  ones ;  but  whether  basin-shaped  or 
not,  remains  to  be  examined.  Let  it  be  rcmcmbcred> 
that  the  interesting  questions  for  geology  arc,  not  the 
nature  of  the  deposits  simply,  and  far  less  tliat  of 
their  remains :  it  is  the  mode  of  their  formation,  imd 
their  ages,  especially  as  concerned  witli  the  last  revo- 
lutions of  the  Earth  ;  since  that  forms  the  ^rcat  pojnt 
of  interest. 

But  if  geology  has  hitherto  occupied  itself  cWcfly 
with  petty  circumstances,  the  pursuit  of  specimens,  not 
of  science,  the  facta  on  which  science  builds,  it  is  trne, 
but  which  are  of  no  value  without  tlie  building,  thus, 
nodcr  its  favourite  bias  to  universal  formations,  has  it, 
also  attempted  to  unite  remote  deposits  of  lUia  ^aA-wtc, 
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under  imagined  resemblances  or  identities.  Unclassed 
as  they  have  remained,  the  fatility  of  such  attempts  is 
obvious;  but  even  where  the  geological  facta*  corre- 
spond, there  is  no  philosophy  in  such  endeavours.  If 
there  are  any  strata  ou  the  face  of  the  earth  which  are 
trnly  independent,  it  must  be  these.  General  reason- 
ing, and  analogies  drawn  from  the  older  strata,  parti- 
cularly from  the  coal  scriea,  must  conclude,  that  such 
deposits  will  difl'cr  ia  dilferent  places ;  and  thus  the 
^ct  proves.  Not  only  do  the  number  and  the  succes- 
BioD  of  strata  differ  in  each,  but  the  natures  of  the 
substances  themselves.  Hence  also  the  impropriety 
as  well  as  the  inconvenience  of  using  a  positive  termj 
such  as  that  of  Plastic  clay,  or  Calcaire  groasier,  to 
designate  what,  in  auothcr  place,  may  be  neither  of 
those  particular  substances.  It  is  plain  that  the  nature 
of  any  such  deposit  must  have  been  regulated,  like 
every  anterior  stratum,  by  the  matters  which  were 
present :  and  to  suppose  that  the  organic  remains 
could  correspond  in  remote  places,  is  even  to  con- 
found all  zoological  history. 

If  this  remark  applies  to  those  which  arc  of  marine 
origin,  still  more  is  it  true  where  they  have  been 
formed  under  fresh  water ;  since  a  want  of  coinci- 
dence or  similarity  must  still  more  occnr  in  such  cases, 
and  especially,  as  far  as  plants  and  animals  are  con- 
cerned, it  is  this  practice  of  geueraliziug  from  a 
particular  tract  or  country,  which  has  constantly  ob- 
structed the  progress  of  Geology,  obstructing  it  still, 
more  than  ever,  in  the  case  of  tlie  secondary  strata ; 
as  the  evil  effects  increase,  the  higher  we  ascend  in 
the  series,  from  the  increasing  independence  of  the 
deposits.  ITierc  is  no  chance  of  our  becoming  truly 
aci)nain1ed  with  the  deposits  under  review,  till  Geo- 
logists sball  substitute  real   observation  and  descrip- 
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tion,  for  a  convenient  phraseology;  convenient,  as 
saving  the  trouble  of  observation  and  reasoning, 
equally.  There  is  some  tmth  also  in  Brcislak's  sati- 
rical remark,  that  The  London  clay,  The  Muschcl- 
calk,  and  so  on,  are  but  modes  of  national  vanity. 

I  shall  qnote  the  two  last  described  exiuiiples,  those 
of  Paris  and  the  Isle  of  Wight,  as  sj)eoimens  of 
actual  details,  and  as  examples  of  differences  under 
analogy,  these  being  also  more  instructive  on  this 
last  subject,  on  account  of  their  proximity.  But  I 
must  condense,  and  refer  to  the  tvell-known  original 
reports  ;  premising,  however,  that  these  are  by  no 
means  always  free  of  system. 

In  the  basin  of  Paris,  the  lowest  strata  consist  of 
sand  and  of  clay,  witli  marine  remains,  followed  by  a 
deposit  called  the  Calcaire  grossier,  including  many 
subordinate  strata,  and  series  of  strata,  as  they  are 
considered,  consisting  of  limestone,  marl,  sandstone, 
chert,  and  shale,  and  containing  also  marine  shells. 
This  is,  c\ndcntly,  a  marine  deposit,  and  is  called  the 
first  marine  formation ;  but,  in  the  upper  parts,  it 
contains  fresh  water  shells,  and  Lignite.  Above  this, 
another  series  has  been  constructed  out  of  certain 
strata  of  limestone,  and  of  calcareous  and  argillaceous 
marl  containing  gypsum ;  including  also,  marine 
shells  and  fresh  water  ones,  lignites  consisting  of  the 
palm  tribe,  and  the  bones  of  quadrupeds  and  amphi- 
bious animals.  This  scries  has  been  called  the  lowest 
fresh  water  formation.  Still  higher,  follows  marl 
containing  marine  shells  and  remains,  sandstone  and 
sand,  and  a  cavernous  chert,  or  the  millstone  ;  form- 
ing what  is  called  the  upper  marine  formation,  though 
it  is  n  question  whether  this  last  rock  does  not  belong 
to  the  fourth  Reries.  That  is  a  calcareous  rock  con- 
taining fresh  water  shells,    of  species  suW  ciisAAW?>* 
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together  with  ve^table  frngmeiits.  The  whole  is 
followed  by  the  alluvia,  which,  however  interesting 
from  their  interred  remains,  do  not  concern  the  pre- 
sent question. 

In  thai  ot  the  Isle  of  Wight,  the  clay  is  succeeded 
by  various  marls,  including  fresh  water  shells  of  dif- 
ferent species  and  genera,  and,  subsequently,  by  other 
niarls  containing  marine  shells,  followed  by  strata  of 
calcareous  rock,  mail,  clay,  and  sandstone,  in  which 
the  shells  belong  to  fresh  water.  Thus,  here,  as  in 
the  basin  of  Paris,  it  is  conceived  that  there  arc 
two  deposits  from  fresh  water,  separated  by  one  of 
marine  origin. 

I  shall  leave  it  to  others  to  apply  to  these  the  cri- 
tical analysis  of  which  I  have  furnished  the  grounds : 
and  still  more  shall  I  do  this  as  to  the  London  de- 
posit, on  which  the  remarks  ought  to  be  obvious 
enough.  It  is  one  of  the  cases  demanding  a  decided 
separation ;  as  arc  many  more  of  those  formerly  enu- 
merated. To  reason  from  the  observations  of  others, 
is  always  sufficiently  disagreeable;  when  the  obser- 
vations are  bad,  it  is  often  a  hopeless  attempt. 
When  such  a  deposit  us  that  of  Oeningeii  has  been 
called  marine,  because  an  obscure  shell  or  doubtful 
fish  was  supposed  to  be  such,  it  is  a  sufficient  ex- 
ample of  the  hopelessness  of  such  attempts.  At  any 
rate,  it  is  not  the  business  of  a  systematical  work. 

The  general  conclusion  derived  from  these  and  the 
other  deposits,  as  it  regards  their  strata,  is  now  ob- 
vious. Clay  and  sand  must  have  been  deposited  in 
these  circumstances,  as  it  ha^  been  in  prior  states  of 
tlte  globe,  and  as  it  is  now  ;  and  ealcan*ous  matter 
must  have  been  produced  by  marine  shells  ;  as,  lastly, 
these  strata  must  have  often  been  indurated  into 
rocks.        Sand,    cluy,   marl,    sandstone,    shale    and 


limestone,  are  thtirclbre  the  fundamental  strata  of 
these  deposits  when  marine  ;  and  when  fresh  water 
strata  succeed,  they  can  be  but  modifications  of  the  same 
substances,  while  the  coal  Maries  proves  that  .it)  these 
rocks  are  formed  under  such  water,  as  docs  the  tra- 
vertino  of  Italy.  The  sources  of  the  orgauic  fossils 
are  no  less  obvious- 

lint  I  must  not  pass  from  these,  without  inquiring 
into  their  value  in  determining  tlie  marine  or  other 
nature  of  these  strata,  I'his  is  especially  necessary; 
as  the  theory,  and  the  mistakes  of  fact,  together,  have 
been  among  the  chief  sources  of  erroneous  judgment  in 
these  cases,  and  will  remain  so  as  long  as  this  engross- 
ing pursuit  shall  occupy  all  the  attention  of  geolo- 
gists, and  this  hypotliesis  shidl  continue  to  rule.  If 
to  mistake  respecting  a  fish  has  been  sutficent  to  con- 
found the  case  of  Oeningen,  it  is  easy  to  sec  what 
more  may  have  happened  aud  may  happen  again; 
nut  only  in  sach  instances,  but  in  the  judgments  re- 
specting alternating  deposits. 

I  do  not  give  catalogues  of  species  and  genera. 
These  concern  zoology,  not  geological  science:  it  is 
a  pursnit  even  more  separated  from  the  latter  than 
mineralogy;  and  a  geological  system  does  not  encum- 
ber itself  with  catalogues  of  minerals.  I  shall  only 
therefore  name,  among  the  living  genera  of  fresh 
waters,  Lynineus,  Pluuorbis,  Physa,  Piiludina,  Ainpnl- 
laria,  Cerithinm,  Melanopsis,  Mclania,  Nerita,  Cyclas 
and  Unio.  Of  these,  Lymneus,  Planorbia,  Physa, 
Paludina,  Cerithium,  Melanopsis,  Melania,  and  Ne- 
rita, arc  found  in  the  fossil  state;  and  Paludina, 
Ampulhu-iu,  Cerithium,  Mclania  and  Nerita  are  com- 
mon to  fresh  and  salt  water.  Of  the  shells  called  ex- 
clusively marine,  ModioUis,  Mytilus,  and  Corbula, 
live  in  fresh  water;  and  different  species  of  A-uodox^v 
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Cyclas,  Unio,  Tcllma,  Cardium,  and  Venus,  some  be- 
longing to  fresh  and  others  to  salt  water,  are  found 
promiscuously  in  the  gulf  of  Livonia.  Our  own 
luuscles  and  oysters,  and  many  more,  thrive  better  in 
fresh  water  than  in  salt;  and  reversely,  many  fresh 
■  water  shell  fish  can  Uvc  in  salt  water,  as  those  of  salt 
marsheii  are  especially  indifferent  on  this  subject. 
Independently  of  all  these  as  grounds  of  doubt  re- 
epecting  such  decisions,  there  is  too  much  uncertainty 
respecting  the  former  states  of  the  globe  and  of  its 
waters,  to  permit  us  to  decide  positively  on  the  nature 
of  a  stratum,  from  itS;  fossils.  Still  less  can  that  be 
done  by  means  of  two  or  three  species;  nor  are  we 
hy  any  means  sure  that  our  anatomical  arrangements 
of  living  species  as  to  this  point,  can  be  extended 
retrospectively.  If  also  we  consider  the  repeated 
changes  of  the  surfaces,  particnlarly  of  sea  coasts,  the 
contests  between  salt  water  and  iresh  in  cestuaries, 
changes  in  the  character  of  lahes  in  this  respect,  and 
accidental  transportations  of  shells  themselves,  it  is 
plain  that  there  will  always  be  danger  of  error  in 
forming  absolute  roles,  and,  still  more,  in  attempting 
to  judge  from  a  small  number  of  circn Distances  or  a 
limited  number  of  species. 

Tlie  dilHculty  is  much  increased  where  fossil  species 
are  conccmedj  by  the  imperfections  of  their  charac- 
Hn.  I'he  minute  piirts  on  which  the  distinction  so 
often  depends,  such  as  the  teeth  of  the  hinge  for  ex- 
ample, are  frequently  injured  or  destroyed.  With 
respect  to  tenderness  and  delicacy,  or  the  reverse, 
I  may  quote  Dc  France  and  Ferussac,  as  opinions 
that  there  are  no  such  general  distinctions  of  character. 
It  is  all  matter  of  experience,  or  of  empiricism;  and 
that  experience  also  is  limited.  Nor  can  we  decide 
that  an  anlieut  genus  or  species,  now  belonging  to 


frcsli  water,  might  not  have  beeu  marine,  or  the  re- 
verse, .t, 

This  same  difficulty  exists  with  regard  to  the  fiahes; 
by  the  remains  of  which  natnraltsts  have  so  often  pre- 
tended to  decide  on  the  character  of  a  deposit  As 
the  facts  which  prove  this  are  important,  and  as  they 
arc  new  to  geology  at  least,  I  shall  t{uote  them  froui 
my  former  writings.  They  will  show  that  whiie  many 
fishes  change  their  residence  voluntarily,  others  can 
be  compelled  to  do  so;  and  that  marine  species  will 
not  only  thrive,  but  breed  in  fresh  waters,  under  com- 
pulsory change. 

That  this  fact  was  known  to  the  Romans,  is  proved 
from  the  writings  of  Columella ;  though  the  species 
of  sea  fish  thus  transferred  to  fresh  water  can  not  be 
fully  ascertained.  This  practice  descended  to  Sicily, 
where  it  is  now  in  use  as  to  the  Mullet  and  Lobster. 
In  nature,  a  certain  number  of  fishes  are  either  migra- 
tory between  fresh  and  salt  water,  or  else  permanently 
indifferent  to  either.  Such  are  the  Sturgeon,  the  com- 
mon and  the  grey  salmon,  the  gwiniad,  smelt,  salmon 
trout,  and  Salmo  migratorius,  together  with  the  Lam- 
prey, stickleback.  Eel,  and  others.  The  Mullet,  con- 
ger, torsk,  sprat,  ahad,  cottus  qnadricomis,  rockling, 
whiting  pout,  mackerel,  herring,  Delphinas  leucas,  and 
a  few  more,  also  quit  the  sea  for  fresh  water,  cither 
for  the  purpose  of  spawning  or  for  other  reasons  ; 
while  the  Cod,  in  Shetland,  is  the  voluntary  inhabitant 
of  a  fresh  water  lake.  Two  or  tlmie  species  of  flounder 
also  abundou  the  sea  to  live  entirely  in  rivers.  In  a 
reverse  manner,  the  pike,  and  eight  species  of  Cypri- 
nus,  which  elsewhere  are  inhabitants  of  fresh  water, 
abide  permanently  in  the  Caspian.  Fnrthcr,  the 
Bahnon  trout,  supposed  necessarily  migratory,  and  the 
herring,  purely  a  sea  fish,  reside  permanently  iu  fvc«h 
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water  lakes.  The  process  of  natural iKation,  conducted 
uuder  ujy  own  directions,  has  moreover  sliown  that 
the  Torliot,  solcj  plaice,  mullet,  smelt,  atherine,  horse 
mackerel,  pollock,  loach,  basse,  rock  fish,  whiting 
pout,  rockling,  prawn,  crab,  and  stickleback,  may  be 
habitwited  without  difliculty  to  fresh  water ;  while  all 
those  which  have  hitherto  had  time  enough,  have 
bred  and  propagated. 

Such  examples  render  it  probable  that  most,  if  not 
all  fishes,  are  indifferent  to  tlie  quality  of  the  water, 
provided  they  can  find  food ;  and  when  it  is  considered 
how  many  changes  the  surface  of  the  earth  may  have 
undergone,  it  is  evident  that  no  judgment  respecting 
the  nature  of  a  deposit,  can  be  derived  from  a  pre- 
vious decision  respecting  the  imagined  habits  of  itbUes 
as  to  the  quality  of  the  water  iu  which  they  may  have 
resided. 

What  is  not  less  important  in  a  geological  view, 
every  species  ou  which  this  trial  has  yet  been  made, 
suffers  altci-nate  changes  from  fresh  water  to  salt  with- 
out inconvenience ;  having  been  retained  in  a  pond 
where  these  alterations  take  place.  It  is  easy  to  see 
how  these  facts  must  affect  our  decisions  respecting 
the  nature  of  marine  and  fresh  water  deposits  as  far  as 
that  is  to  be  dctcrniined  by  the  remains  of  6shes. 
I  need  here  only  add,  that  as  far  as  the  question  of 
respiration  is  concerned,  tlieie  ought  to  be  no  difficulty 
in  the  change  from  salt  water  to  fresh,  since  the  ad- 
hesion of  the  oxygen  is  less  strong  to  the  latter  than 
to  the  former. 

But,  from  the  fact  that  the  Pike  and  the  Cyprini 
pi-efer  the  Caspian  when  they  might  remain  iu  the 
Wolga,  it  is  not  improbable  that  many  or  all  fresh 
water  fish  might  also  endure  the  sea  permanently,  as 
the  Salmon  uud  others  Aoj  interruptedly.   And  though, 
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in  antient  times,  fishes  had  only  been  niigratory,  as 
they  are  at  present,  it  is  plain  that  Uic  fossil  remains 
of  those  animals  can  never  aid  us  in  deciding  on  the 
character  of  a  stratum.  That  many  of  the  fresh  water 
amphibia  now  frequent  the  sea,  from  choice,  is  known 
respecting:  the  alligators  of  Cumana,  and  those  of  the 
Pellcw  and  the  Bahama  islands.  In  a  reverse  way,  the 
Turtle  of  the  West  Indies  has  been  taken  aUve  in  the 
fresh  water  of  the  Taraar,  whither  it  had  wandered  rf 
itself,  after  a  residence  of  unknown  length.  ITiat  it 
will  also  reside  for  a  long  time,  and  continue  to  thrive, 
iu  fresh  water,  has  been  proved  in  Kent. 

If  my  own  views  as  to  this  subject  are  now  termi- 
nated, I  presume  that  I  ought  still  to  notice  one  of  the 
theories  that  has  been  entertained  respecting  it ;  as  it 
might  still  possess  an  injurious  weight  if  not  thus  ex- 
amined, though  ihc  answers  might  easily  be  derived 
from  what  has  been  said.  They  who  speak  of  retreats 
of  the  sea  consequent  on  its  diminution,  are  but  offer- 
ing that  gratuitous  and  untenable  hypotliesis  which  so 
long  weighed  down  geology  as  to  the  older  rocks. 
As  far  as  is  necessary,  these  dreams  will  be  examined 
iu  a  future  place.  Any  other  retreat  would  only  ex- 
plain tlie  alluvial  deposits  already  distinguished.  I 
shall  sum  up  this  chapter  with  a  brief  sCatenient  of 
what  I  consider  an  arrangement  for  all  the  strata  later 
than  the  great  marine  scries. 

If  no  general  revolutions  have  occurrcti  sinee  the 
great  marine  elevation,  the  facts  ofthe  last  chapter  prove 
that  there  have  been  great  partial  ones,  dependent  on 
volcanic  actions.  By  these  have  aistuariea,  marine 
basins,  and  fresh  water  lakes,  been  elevated;  while 
the  volcanic  matter  needs  not  be  present,  since  it  is 
not  always  so  in  the  Coral  islands.     And  these,  being 
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marine,  or  frcih,  or  alternating,  will  form  the  more 
interesting  of  the  tertiary  formations,  separated  from 
the  ocean  and  elevated  above  it. 

Marine  or  fresh  water  lakes  have  been  drained 
or  6Ucd ;  and,  in  this  case  also,  there  may  be  al- 
tematioiis.  Such  completed  deposits  may  have  also 
been  disturbed  by  volcanic  elevations,  thus  associating 
them  to  the  last  division.  And  this  is  the  second,  and 
only  other  division  of  the  proper  tertiary  strata:  unless 
as  we  subdivide  it  into  marine  and  fresh.  This  division 
also  is  of  any  age,  from  the  most  remote  times  of  the 
emerged  land  to  our  own  day :  bat  the  former  is  ex- 
clusively antient. 

These  comprise  the  more  rigid  tertiary  formations. 
But  the  association  between  the  first  class  and  those 
described  in  the  last  chapter  is  intimate,  as  they  may 
not  also  be  often  distingnishable.  In  the  mean  time, 
tlie  cause  and  the  facts  being  proved  in  this  case,  and 
not  80  clearly  in  the  other,  it  may  be  as  well  for  the 
present  that  they  should  be  kept  separate. 

The  alluvial  EEstnaries  of  the  present  ocean,  however 
distant  from  the  sea  now,  must  be  entirely  rejected 
and  referred  to  the  alluvia.  To  distinguish  these, 
there  is  required,  in  practice,  that  geographical  tact 
and  knowledge  which  have  distinguislied  leaders  of 
armies,  but  rarely  geologists.  They  seem  to  have 
forgotten  its  necessity.  In  the  account  of  Glen  Roy, 
I  have  given  a  practical  illostration  of  that  indispen- 
sable necessity  in  the  explanation  of  Geological  ap- 
pearances. 

We  finally  see  how  the  facts  of  the  last  chapter, 
bearing  on  the  present,  explain  the  mysteries  of  the 
last  revolutions  of  the  Earth,  and  that  they  are  but  the 
continuation  of  the  former  actions  on  which  every- 
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thing  depends.  The  mysteries  have  been  created  by 
Geologists  who  had  formed  no  conception  of  such  a 
cause,  and  who  had  never  extended  their  Geology 
beyond  the  upper  strata  and  their  remains ;  disturbing 
alike  themselves  and  their  readers,  by  vague  notions 
vhich  they  conld  not  even  express,  and  tormenting 
themselves  with  their  own  visions. 


t<  SatAn 


CHAP.  XVII. 


On  the  Formation  of  Coral  Islands. 

.  It, lit 
Tmb  production  of  the  Coral  l»lan(U  of  the  great 
Pacific  ocean,  which  endanger  this  nuvigatioa  and 
that  of  the  Indian  Archipelago,  and  are  tending  fast 
to  destroy  that  of  the  Hed  sea,  is  a  fact  complclcly 
di8tiiigni»hcd  from  nil  other  subjects  of  geological 
investigation.  It  also  forms  a  most  interesting  and 
necessary  branch  of  the  present  inqnirics;  and  it  is 
the  more  indispensable  to  examine  it,  because  it  has 
hitherto  been  unaccountably  neglected  by  geological 
writers-  In  the  case  of  other  submarine  animal 
formations,  the  resnlts  are  limited  to  the  gcnns  of 
future  and  far  distant  continents,  as  the  works  arc 
without  apparent  design.  But  the  operations  of  the 
coral  animals  arc  very  different.  By  their  own  efforts, 
assisted  by  some  incidental  causes,  they  build  their 
works  above  the  level  of  the  ocean  during  tlieir  own 
lives;  thus  forming  rocks  and  islandi),  without  the 
necessity  of  those  actions  Avbich  have  raised  all  the 
other  submarine  strata  from  below.  In  this  manner 
is  the  habitable  surface  of  the  earth  extended,  and 
new  regions  arise  in  the  ocean.  The  silent  and 
unnoticed  operations  of  the  niinntost  animals  of 
Creation,  are  daily  preparing  the  foundations  of 
land,  beneath  it,  destined  to  extend  the  dominion 
of  man  over  a  far  wider  range. 

But  the  volcanic  agencies  which  form  the  subject 
of  a  former  chapter,  are  frequently  found  to  succeed 
to  these;  thus  accelerating  ibcir  results,  elevating 
high  above  the  water  that  which  would  otherwise 
have  for  ever  remained  but   little  raised  beyond  Its 
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level,  or  producing,  in  the  course  of  a  few  days  or 
weeks,  what  iiiighi  have  required  the  lubuur  of  ccn- 
tnrics.  Geology  therefore  finds  two  distinct  sources 
of  interest  in  the  study  of  these  islands.  If  the  proofs 
which  they  iifibrd  of  clevatiug  forces,  connected  with 
volcanoes  and  acting  beneath  the  surface  of  the  earth, 
are  vjihiuMr,  the  simple  history  of  the  Corul  i»lauds» 
independently  of  this  interference,  is  scarcely  less 
worthy  of  notice.  It  cannot  at  least  be  less  interest- 
ing to  study  the  formation  of  immense  masses  of 
calcareous  rock  by  living  animals,  than  by  the  iiccn- 
nmlation  of  the  spoils  of  dead  ones.  It  is,  in  many 
respects,  even  more  so ;  not  less  from  the  illustration 
which  it  uilbrds  relating  to  the  antient  calcareous  rocks 
of  the  globe,  than  from  the  tangible  nature  of  what,  in 
these  analogons  cases,  is  only  matter  of  inference, 
and  froro  the  comparative  feebleness  of  the  agents 
concerned  in  the  production  of  these  important 
effects.  ui  J  V 

With  respect  to  all  the  organic  fossils,  their  chief 
interest  is  derived  from  the  relations  which  they  bear 
to  the  existing  species,  and  from  the  efi'ects  which 
they  have  on  the  structure  of  the  carti).  Wc  are  sur- 
prised at  the  immense  accumnlation  of  the  shells 
which  form  the  secondary  calcareous  strata,  and  with 
the  enormous  additions  which  the  earth  has  received 
from  the  labours  of  animals,  generating  mountains 
out  of  the  habitations  which  they  had  formed  for 
themselves.  Yet  these  results  rarely  strike  us;  oe 
the  very  fact  indeed  has  been  doubted  or  denied.  It 
can  at  least  be  denied  no  longer;  for  it  is  before  us, 
if  under  another  form.  TThey  do  not  strike  us, 
b(;cause  we  sec  these  rocks  long  deserted  by  the  sea, 
associated  with  otiiers,  and.  without  truces  of  a  living 
origin  except  to  t!ie  eye  of  a  geologist.  We  contemplate 
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tlic  surface  of  the  earth  ns  so  much  rock,  simply ;  but 
when  we  see  the  very  work  itaelf,  and  tlie  steady  m- 
crease  of  the  land  ihrongh  the  labours  of  the  coral 
animals,  the  importance  of  this  race  of  beings  becomes 
sensible,  and  we  arc  struck  with  the  immense  infiaencc 
which  all  the  hard  nmnne  tribes  must  have  possessed 
in  the  formation  of  the  present  earth. 

In  the  case  of  shell  fishes  also,  we  can  only  infer, 
that  the  present  extensive  masses  of  limestone  have 
been  produced  by  their  labours.  There  is  a  complete 
chasm  between  the  labour  and  its  produce:  but  iu  the 
coral  formation,  this  is  filled  up.  The  labours  of  the 
shell  fishes  are  concealed  by  the  ocean,  never  to  be 
known  to  the  geologists  of  our  own  earth:  the  worics 
of  the  coral  animals  attain  the  aurfiu^e  of  the  sea. 
The  strata  which  they  form  arc  at  once  living  and 
fossil;  we  see  them  iu  the  act  of  production,  and  the 
mountains  grow  up  to  the  day  before  us,  new  parts 
of  our  own  earth,  not  mere  preparations  for  a  futnre 
one. 

It  18  sufficient  here,  to  speak  in  the  most  general 
manner  of  a  tribe  of  animals,  for  whose  description, 
works  on  Zoology  must  be  consulted.  In  a  popular 
fiew,  a  coral  is  a  calcareous  structure,  inhabited  by 
numerous  small  animals,  or  polypi ;  and  each  form 
of  coral  possesses  its  own  species.  Each,  therefore 
forms  a  sort  of  Colony  ;  the  inhabitants  of  which  are 
disposed  in  minute  cells,  which  they  construct  them- 
selves, thus  producing  the  general  structure  by  their 
joint  labours,  as  if  all  actuated  by  one  design  and 
one  mind. 

This  is  the  obvious  appearance.  But,  in  reality, 
the  entire  coral  plant  is  one  aniuud.  A  continuous 
animal  structure  pervades  the  whole ;  and  the  cal- 
careous matter,    iu  whatever  form,    must  be  viewwi 
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as  the  shell  j  being  a  secretion  or  deposition  of*  iiaith  in 
its  substance.  And  though  in  one  sense  this  may  he 
viewed  as  an  original  colony,  all  the  polypi  are  hut 
parts  of  one  whole,  as  flowers  are  of  a  plant;  while 
the  resemblance  wonld  he  perfect  if  the  flowers 
were  to  prodnre  the  plant  instead  of  being  produced 
hv  it. 

I'hia  analogVt  and  the  genera!  nature  of  the  corals 
also,  will  be  made  more  intelligible  by  examining  the 
Vorticella,  possessing  an  essential  resemblance  to  tlio 
coral  polypns  in  everything  else  but  the  prodnctinn  of 
a  shell.  The  simple  vorticella  swims  at  lilwrty  ;  re- 
semblipg  a  flower-hud,  and  consisting  of  a  body  pro- 
vided with  tcntacula.  Other  species  are  fixed  by  a 
pedicle  which  restrains  their  motions  within  narrow 
limits.  In  others  again,  two  or  more  are  united  by 
one  stem ;  and,  at  length,  wc  find  highly  rami6ed 
kinds  in  which  each  branch  is  terminated  by  the  acti\'c 
polypus.  In  this  case  also,  each  polypus  is  partially 
independent,  yet  all  depend  on  the  whole  ;  presenting 
a  singidar  analogy  to  the  vegetable  identity,  especially 
in  such  cases  as  that  of  Epidendron,  where  the 
leaves  combine  to  produce  and  nourish  the  plant;  so 
as  to  give  a  sort  of  colour  to  that  gradation  so  often 
sought  by  visionary  naturalists,  between  one  depart- 
ment of  nature  and  the  other.  If  the  corals  differ 
from  the  vorticellre  in  the  secretion  of  a  stony  mat- 
ter, so  do  they  present  an  analogy  to  the  Chara  and 
the  Coralline,  secreting  a  calcareous  bark,  and  the 
E(|nisetum,  which  produces  a  siliceous  one.  The 
madrepore  will  serve  to  explain  more  distinctly  the 
mode  in  which  the  calcareous  cell  is  constructed. 
This  polvpns  is  surrounded  by  feet,  or  hands,  sur- 
rounding the  body  and  divided  at  the  extremities; 
each  embracing  a  lamella  of  the  star,      ks,  \\x  x\\e 
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Hydra  ami  Actiuia,  tl>e  tcntacula  are  the  organs  of 
feeding. 

The  whole  of  the  species  of  corals  engaged  in  the 
formation  uf  the  coral  banks,  arc  not  known,  bnt  a 
cnnsidcruble  unniber  of  genera  and  some  of  the  species 
also  liave  been  ascertained.  The  Madreporec  appear 
to  be  among  the  most  numerous;  Milleporx,  Tubi- 
porae,  Caryophilleae,  Distich  op  or?e,  Coralline,  and 
many  more  also  abound  ;  while  for  these  I  mnst  re- 
fer to  the  works  on  this  8nbje<a.  Echini,  and  nn- 
nierous  other  fthells  which  reside  on  the  banks,  serre 
to  angmcnt  tlic  general  mass  of  calcareous  matter. 
Careless  observers  have  mistaken  Uolothuria;,  and 
otiier  soft  wornit  fur  the  coral  animals. 

It  is  for  geography,  not  for  a  work  of  this  nature, 
to  describe  the  islands  and  rocks  produced  by  the 
Coral  tribes.  It  is  here  sufficient  to  mention  the 
islands  to  the  south  of  the  equator,  between  the  west 
coast  of  America  and  New  Holland,  crowding  the 
whole  of  that  sea,  under  a  rapid  increase,  accompanied 
by  still  more  nnmerous  rocks,  destined  to  become 
the  seats  of  vegetation,  and  tlie  habitations  of  man ; 
and  perhaps,  at  length,  to  form  a  continent  in  the 
PaciBc  ocean.  To  these,  abounding  particularly  be- 
tween New  Holland,  New  Caledonia,  and  New  Gui- 
nea, I  niay  add  those  of  tbc  Indian  Archipalago,  in- 
cluding Cosmolcdo,  Chagos,  Juan  de  Nova,  Ami- 
rante»  Assumption,  Cocos,  and  the  Maldivc  and 
Laccadive  islands. 

When  wc  etmsider  the  feebleness  of  the  means 
and  the  miiintcncss  of  the  agents,  the  extent  of  these 
reefs  and  islands  is  a  subject  of  ec|uul  curiosity  and 
surprise.  For  these  however,  the  reader  may  con- 
sult the  writings  of  navigators  :  though  it  will  indeed 
he  sntHeient  to  cast  an  eye  over  a  map  of  the  Pacific 
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Ooeaii.      I  may  now  however  nam?  one  or  two  ex^ 
umplcs.     Among  these,  Tongataboo  is  twenty  leagues 
in  circumference,  and  is  elevated  ten  feet  above  the 
water.     It  would  have   been  desirable  to  know  the 
thickness  of  this  mass  or  bed  of  rock,  but  the  sound- 
ings   have    not  been  given.       These  are,    howc\'cry 
known   t(»  he  deep,    throughout  all   this   sea ;    sinre* 
they  often  excee<l  two  and  three  hundred  fathoms :  so 
that  on  any  view  the  whole  constitutes  an   enormous 
bed  of  organic  limestone.      But  the  largest   yet  de- 
scribed is  the  great  reef  on  the  cast  coast   of  New 
Holland,  which  extends  in   an  uninterrupted  course 
for  three  hnndred  and  fifty  miles;    forming,    together 
with  others,  a  nearly  continuous  line  of  one  thousand 
miles  or  more  in  length,    varying  from  twenty  to  fifty 
miles  in  breadth.     To  form  a  just  conception  of  snch 
a  production,    we  should  imagine  it  exposed  from  the 
foundation ;    it  is  a  mountain  ridge  which  will  bear 
comparison  with  many  of  the  larger  tracts  of  terres- 
trial limestone  in  height ;    as  it  far  exceeds  any  that 
are  known,  in  the  extent  of  its  range.     To  him  who 
had  not  known  snch  a  production,    viewing  only  the 
t'oral  itself,  or  the  labourers  in  this  work,    it  would 
be  incredible.      It  would  be  interesting  to  know  the 
height  of  this  ridge  from  the  bottom ;    and  hereafter 
perhaps,   some  navigator,    informed   of  that  interest 
attached  to  this  subjert    which  did  not  exist  in  the 
time  of  Cook,  or  Flinders,    or  even    of    Kotzebue, 
will  enable  us  to  form  some  estimate  respecting  it. 

I'lie  rcefis,  which  are  the  germs  of  the  islands,  are 
often  disposed  in  a  cirenlar  manner,  or  in  other 
cnrved  or  <Aal  shapes :  and  I  shall  presently  show 
that  this  dispositirm  is  one  of  a  singular  ingenuity,  as 
it  respcfts  the  form  and  character  of  the  ftiture 
isUuul.  In  other  cases,  tbey  are  simply  grouped,  with- 

z  2 


ON    THE    FORMATION   OP   CORAL   ISLANDS. 


oat  appHreiit  order  ;  tliougli  it  may  be  suspected  that 
there  lius  here  l>cea  a  de&ciency  of  observation. 
Lastly,  they  are  found  extending  in  long  lines,  more 
or  less  straight,  or  in  rows. 

■  There  is  some  reason  to  distrust  the  assertions  that 
have  been  made  respecting  the  rapidity  of  their  pro- 
duction. It  is  easy  to  ini:ituke  one  reef  for  another, 
amid  such  crowdii,  and  in  seas  so  little  known,  trhere 
also  there  is  no  guide  but  the  ships*  rcckouings  and 
observations.  And  it  is  obviously  an  excuse  for  the 
error  of  a  navigator  or  an  accident  to  a  vessel,  for  n 
bad  reckoning  or  an  incorrect  chart,  to  find  a  new 
rock  where  the  old  one  had  been  forgotten  or  mis- 
placed. If  tliere  is  one  evidence  of  an  unexpected 
rapidity  of  formation,  given  by  a  recent  navigator, 
who,  after  three  yojirs'  absence,  found  some  parts  of 
a  reef  which  l»ad  scarcely  reached  the  surface  at  bis 
former  visit,  clothed  with  vegetation,  it  will  be  im- 
mediately seen  that  the  last  part  of  the  growth  of  a 
reef  does  not  depend  on  the  animals  themselves ;  so 
that  it  proves  nothing. 

There  is  reason    to  believe,    from   a  considerable 
examination  of  the  soundings  in  this  ocean,  that  both 
the  phices  of  the  coral  reefs  and  their  peculiar  dispo- 
sitions, are,  very  often,  if  not  always,  determined  by 
the  forma  of  the  bottom  of  the  ocean  where  they  lie, 
and  that  tliey  are  placed  on  tlie  submarine  hills  of 
these  seas.      When   disposed  in  straight   or   carved 
lines,  the  windward  side  of  the  structure,  which  is 
cjcpOKcd  to  the  breach   of  the  sea,  rises  almost  ver- 
tically,  like  a  wall,   reaching  the  surface ;    while,  to 
I  leeward,  tliey  shelve  away,  deepening  the  water  in  this 
^direction.  It  is  tliis  windward  abruptness,  in  particular, 
'which  renders  these  rucks  so  dangerous:  since  there 
is  no  warning  through  alterations  of  soundings.      But 


tbc  rcuiarkal)le  fuct  is  the  utility  of  this  proceeding  : 
since  the  shelicr  produced  to  windward  enables  the 
work  to  g^o  on  in  the  opposite  direction,  witli  com- 
parative facility.  If  the  instinct  of  working  upwards 
to  the  surface  is  reinurkablc,  this  is  even  more  so : 
while,  in  all  we  trace  the  evident  intention,  in  that 
I'ower  which  gave  these  instincts,  to  effect  the  very 
ends  that  are  attained. 

Some  peculiarities  occur  in  the  circular  groups, 
which  are  particiUarly  deserving  of  notice,  from  the 
results  by  which  tliey  are  followed,  and  to  which  I 
have  already  alluded.  The  first  appearance  consists 
in  a  number  of  detached  rocks  and  islands,  forming 
a  sort  of  chain  ;  while,  in  fnrther  progress,  inter- 
mediate ones  spring  up,  so  as  gradnally  to  unite  the 
whole  into  a  continuous  line  or  circular  form.  On 
tltc  outside  of  this  line,  or  ring,  the  water  is  deep 
and  tlie  walls  vertical ;  but,  within,  it  shoals  in  dif- 
ferent places,  in  a  sort  of  general  declivity  from  the 
margin.  Thus  it  produces  a  solid  mass,  of  a  shape 
like  that  of  a  plate  or  elevated  basin  ;  being  a  kind 
of  platform  with  a  depressed  centre  within  a  vertical 
wall.  In  the  smaller  circles,  when  this  process  is 
completed,  the  reefs  bear  this  i-esemblance  to  a  cir- 
cular basin  very  accurately.  And  this  cavity  is,  at 
first,  a  kind  of  salt  lake;  becoming  shallower  as  the 
animals,  still  acting  within  it,  prolong  their  works 
upwards.  And  thus  it  gradnally  becomes  so  con- 
tracted, that  the  fall  of  rain  is  sufficient  to  freshen 
the  water;  whence  follow  the  death  of  the  animals 
and  the  cessation  of  their  operations.  Thus  it  re- 
mains a  cavity,  and  becomes  a  lake  ;  forming  a  sup- 
ply of  water  for  future  inhabitants,  under  an  ar- 
rangeiuent  no  less  icuiarkablc  for  its  foresight  and 


ON   THE    FORMATION   OF   COKAL    ISLANDS. 


contrivance  than   all  else   whidi    appertain   to  these 
wondei-ful  structures. 

It  must  now  be  observed,    that  though  the  wind- 
ward side  is  vertical,   it  cannot   become  au  efl'ectual 
protection    against  the  sea,    for  the  leeward    parts, 
without  a  further  set  of  operations  acting  in  aid  of 
the  original  process.      The  real  dam,  or  pier,   under 
tlie  protection  of  which  the  whole   mass  extends,  is 
produced  by  the  frufrments  of  the  corals.      As  the 
animals  cannot  live  out  of  the  water,   they  cease  to 
grow  whenever  they  have  arrived  at  the  high   water 
mark,    and  the  proper  animal  strncture  is  therefore 
terminated  at  that  point,    for  ever ;    but  at  low  water, 
the  reef  is  above  the  sea,    and  thus  Iwconics  exposed 
to  the  force  of  the  waves,  which  breaks  off  the  upper 
parts  and  washes  them  to  leeward,    where  they  col- 
lect J    while  the  animals,  on  the  windward  side,  keep 
up  a  constant  supply  of  materials.      In  this  way,  the 
fragments  of  coral,  and  the  sand  produced  by  their 
attrition,  become  a  species  of    alluvium   on  the  sur- 
face of  the  living  coral  rock,    which  is  gradually  ce- 
mented through  the  action  of  the  water  on  carbonal 
of  lime,  so  as  to  produce  a  species  of  oolithie  lime- 
stone, resembling  tlrnt  so  well   known  in  the  Weal 
India  Islands.      Thus  docs  the  whole  platform   gra- 
dually become  elevated  above  hlgb  water  uiurk,  as 
the  outer  dam  had  at  lir^t  been ;   until  it  forms  a  con- 
tinuous surface,    aided  in  the  regularity  of  its    le- 
velling, for  u  considerable  time,  by  the  breach  of  the 
sea.     And  the  effect  also  of  this  process  is  to  produce 
regular  strata  :    while  fragments  of  these,  being  often 
large  blocks  of  stone,   are  frecjueotly  piled  up  on  the 
outer  riilge,    and  even  furllicr,   so  us  to  add  to  the 
total  elevation,    and    cotisef|Uently,    to  secure  addi- 
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tiotial  protection  from  the  sea.  Loose  shells,  breed- 
iDg  ainoiig  the  conil,  and  washed  np  in  the  same 
manner,  add  to  the  general  height  and  soHdity  of  ihc 
iabric.  The  same  process  is  also  going  on  during 
this  time,  in  the  interior  parts,  where  the  projecting 
banks  lie,  so  that  all  these  at  length  extend  and  unite; 
producing,  according  to  the  onginal  iniinbcrs  and 
groupings,  islands  of  various  sizes,  and  often  of  great 
magnitude.  OccasionaUy,  the  lakes  before  men- 
tioned are  also  filled  up  by  the  growth  and  decom* 
position  of  vegetables,  as  in  other  similar  circum- 
stances. 

To  clothe  tliesc  islands  with  soil  and  vegetation  is 
all  that  remains.  This  is  a  more  rapid  process  than 
would  be  expected,  as  I  have  already  remarked.  The 
first  foundation  of  it  is  laid  in  the  sand  produced  hy 
the  destruction  of  the  corals;  and  us  sea  plants  take 
root  and  grow  upon  it,  this  becomes  a  vegetable  soil. 
Sea  birds  of  various  kinds  then  6nd  a  residence,  con- 
tinning  to  add  to  this  soil ;  and  at  length  the  floatnig 
seeds  of  various  plants  are  arrested,  when  a  terres- 
trial vegetable  covering  succeeds.  Hemandia,  Mo- 
rinda,  Cerbera,  Sctevoia,  Pandanus,  are  among  these 
plants,  the  natives  of  all  the  islands  of  this  sea. 

Such  arc  the  uninhabited  islands,  for  the  process  is 
now  completed.  How  man  finds  his  way  at  length,  1 
need  not  say ;  and  how  he  has  filled  many  of  these 
islands,  is  well  known. 

But  far  more  is  yet  wanting  to  explaiiL  the  present 
state  of  many  of  these  islands ;  and  here  commcuccs 
a  new  source  of  geological  interest,  of  a  very  different 
nature.  It  is  plain  that  under  this  mode  of  constmc- 
ion,  llicy  can  have  no  great  elevation;  and  accordingly, 
the  flat  ones  are  scarcely  raised  more  than  five  or  six 
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feet  above  the  level  of  high-wuter  mark.  But  as 
many  of  theiu  are  far  higher,  wc  must  resort  to  some 
othur  principle  for  effecting:  this  purpose.  And  this 
is  the  action  of  a  isubtcrrancous  elevating  force.  How 
this,  and  its  eiiects>  have  been  overlooked  by  all  the 
scientific  navigators  among  these  islands,  it  ia  not  for 
nic  to  explain :  how  geologists  in  particular  have 
neglected  that  whicli  ofters  more  deoiou^truble  and 
tangible  assistance  in  ex|)luining  all  the  revolutions  of 
the  earth,  than  any  thing  which  exists*  they  must 
themselves  say ;  but  how  it  is  connected  with  these, 
and,  more  immediately,  with  the  elevations  of  Italy, 
it  is  my  business  to  show. 

I  have  already  said  that  Tongataboo  ia  ten  feet 
above  the  high-water  mark  ;  and  even  this  is  a  greater 
elevation  than  can  be  produced  by  the  action  of  the 
sea ;  supposing  too  that  all  the  surface  consisted  of 
fragments,  and  not  of  perfect  corals,  unable  to  rise  a 
single  inch  above  the  highest  level  of  the  water.  But 
in  many  of  these  islands,  the  corals,  with  all  their 
characters  perfect,  are  found  at  elevations  many  hun- 
dred feet  above  thia.  I  ueed  not  say  that  the  ocean 
eould  not  have  been  depressed  by  this  quantity,  or 
could  uot  have  stood  so  much  higher  than  it  does  at 
present.  To  suppose  this,  is  for  those  who  dii^pose  of 
oceans  at  their  pleasure.  The  island  itself  iimst  have 
therefore  been  elevated.  But  independently  of  thi» 
reasoning,  there  are  sufficient  proofs  of  such  elevation 
visible.  And  the  causes  to  which  this  is  owing,  arc 
easily  traced,  however  they  may  have  been  neglected. 
They  have  acted  on  the  bottom  of  the  ocean,  so  us  to 
have  eficctcd  the  changes  necessary  for  the  production 
of  these  result:) ;  and  they  have  consisted  in  volcanic 
powers.      Ju  many  places,   there   is   no  dilhciilty  in 
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discovering  tlif  very  fact,  or  the  cause ;  but  the  folloxr- 
ing  islands  attbrd  the  most  convenient  and  siitisfactory 
prool's. 

If  I  take  the  i'onga  islands  as  a  convenient  case  for 
this  illustration,  Tongatahoo  and  Eeooa  form  the  first 
link  in  this  chain;  and  it  is  one  which  is  peculiarly 
valuable,  from  the  great  di fferences  between  the  forms 
of  these  two  tracts  of  coral  laud  under  such  a  proxi- 
mity. Ecooa,  distant  from  the  former  only  twenty 
miles,  consists  of  a  hill  of  considerable  elevation, 
though  that  height  is  not  given.  But  for  the  present 
purpose,  this  omission  is  not  of  any  moment;  it  is 
sufficient  tliat  it  displays  coral  three  hundred  feet 
and  more  above  the  level  of  the  aca,  indicating^  in  the 
most  demonstrative  manner,  the  former  existence  of  a 
force  which  must  have  raised  it  to  that  height.  It  is 
also  probable,  from  the  proximity  of  these  two  islands, 
that  both  were  raised  at  the  same  time,  and  by  the 
same  force ;  the  chief  power  having  been  exerted 
under  Ecooa,  while  the  lower  island  of  Tongataboo 
was  raised  to  a  height,  comparatively  so  inconsider- 
able, because  it  lay  on  the  boundary  of  the  elevating 
power.  There  is  no  other  cause  ade(|uate  to  the 
production  of  these  effects ;  as,  of  tlie  effects  of  sneh 
causes,  I  have  given  ample  proof  in  a  former  chapter: 
and  it  must  be  superfluous  to  say  that  if  such  a  power 
produced  the  greatest  of  these  effects,  it  is  also  capable 
of  accounting  for  the  least  of  them. 

It  is  true  tliat  there  is  no  volcano  actually  existing 
in  Ecooa ;  but  if  it  can  be  shown  that  this  fo/ce  has 
exerted  its  action  in  a  manner  so  demonstrable  that  it 
has  actually  erupted  volcanic  matter,  or  if  there  arc 
volcanoes  now  in  existence  in  the  same  seas,  and  with 
the  same  (:ouscf(Ucuccs,  even  to  the  existence  of  coral 
high  on  the  sides  of  the  mountains.,  the  iaWtiiiwt:^  v^ 
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perfect;  while  the  least  degree  of  clevatioo,  as  now 
described,  is  precisely  what  happens  where  earthcjnakeft 
attend  the  eruptions  of  volcanoes,  situated  often  at 
considerable  distances. 

It  is  possible  tliat  the  volcanic  power  may,  in  the 
particnliir  c-jisc  above  named,  have  been  exerted  under 
Ecooa  itself:  tlie  nature  of  the  snnimit  of  the  hill  is 
not  descrtljcd  by  Cook  or  by  Mariner,  as  both  have 
neglected  to  notice  volcanic  rocks  now  Icnown  to 
exist.  But  whether  this  be  the  case  or  not,  the 
presence  of  a  volcano  in  this  group  is  cstibliahcd. 
Toofooa  contains  one  which  is  always  burning,  at  a 
distance  of  only  seventy  miles  from  Tongatahoo.  And 
as  the  small  island  Kao,  about  three  miles  from  Too- 
fooa, is  a  cone ;  it  is  probably  of  the  same  nature. 

It  is  indeed  plain  that  a  volcanic  force  has  been 
exerted  very  extensively  in  this  part  of  the  Pacific 
Ocean.  Of  tlic  Friendly  Isles,  of  Cook's  arrangement, 
thirty-five  are  hilly ;  and  so  are  Otaheite,  Bolabohi 
and  I'iimeo.  Though  he  has  not  mentioned  volcanic 
rocks,  tbcy  occur  in  many  places:  there  are  three 
burning  volcanoes  in  the  Friendly  Isles:  and  Eap, 
which  lies  to  the  west  of  the  Caroline  Islands,  is  a  seat 
of  volcanic  force.  According  to  Kotzebne,  earth- 
(piakes  ai"e  here  freijuent  and  violent.  When  UIca 
trembles,  all  the  Coral  reefs  in  tlie  vicinity  are  shaken. 
In  the  North  Pacific  also,  coral  is  fonnd  on  Owhyhce, 
fur  above  the  !>ea;  and  in  this  island,  Mouua  Roa  is 
a  volcano,  us  all  the  rest  of  this  lofty  mountaiaoas 
group  is  formed  of  volcanic  rocks. 

These  facts  complete  the  chain  of  evidence  in  a 
manner  so  satisfactory,  that  it  is  unnecessary  to  enlarge 
uu  it.  Uiit  the  elevation  of  volcanic  islands  in  other 
seas  illustrates  and  confirms  tlicse  reasonings,  as  docs 
ihc  history  of  ihe  Italian  alluvia,  which,  itself,  receive* 
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illiistratiuu  froui  'n'hat  has  now  been  dcscrihod.  In 
the  same  way,  the  changes  in  the  level  of  the  land  ad- 
joining to  many  well-kiiowti  terrestrial  volcaiiocb  which 
have  been  accompanied  by  cartliquakcs,  senc  to  esta- 
blish the  trnth  of  this  explanation ;  conid  any  further 
confirmation  of  a  truth  so  obvious  be  required. 

In  teruiiuulin^  these  remarks  on  tlie  Coral  islands, 
it  will  not  be  tminteresting  to  observe  that  analogous 
appearances  occur  in  the  volcauic  islands  of  the  African 
coast}  and  elsewhere.  Secondary  limestones  are  found 
lying  upon  the  rocks  which  arc  the  produce  of  fire, 
containing  marine  remains,  yet  elevated  above  the 
surface  of  the  occim.  If  the  elevation  of  these  strata, 
abstractedly  considered,  should  be  thought  to  prove 
nothing  more  than  what  may  be  inferred  from  the 
analogous  appearances  all  over  tlie  world,  it  must  be 
recollected  that  there  is  here  present,  not  only  an 
obvious  and  active  cause  suflicicnt  to  raise  them  from 
the  hottoui  of  the  sea,  but  that  the  actual  exertion  of 
that  power  in  analogous  cases,  is  proved  by  the  phe- 
nomena of  the  ishinds  now  described.  Owing  to  a 
higher  relative  antiquity,  or  othcT  causes,  there  may 
be  differences  in  the  results,  or  in  tlie  present  appear- 
ances; hut  the  strength  of  the  generul  argumeut 
<lerived  from  them  remains  undiminished.  The  Her- 
nmda  islands,  as  far  as  their  structure  can  be  inferred 
from  the  descriptions  of  persons,  not  geologists,  pre- 
sent confirmation  still  more  complete.  They  are 
formed  of  "  coral  rock  and  limcstODC  contuitiing 
shells ;"  and  tlic  former,  or  Uic  corals,  arc  found  at 
the  higher  elevations,  the  greatest  altitude  of  the  land 
itself  being  estimated  at  three  hundred  feet, 

Since  theae  observations  were  originally  published, 
they  have  been  confirmed  by  Moreau  dc  Jones,  in  the 
West  Indian  islands.     The  facts  there  visiUW  ^■s^xt 
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lliat  the  caIcareou§  strata  liave  been  elevaletl  by  tbe 
volcanoes  of  those  islands  ;  which  have  also,  in  some 
parts,  broken  throug:h  tliem,  while,  in  others,  the 
volcanic*  matter  is  still  covered  and  concealed  by  tlie 
liiucstoiic,  wiiich  thns  forms  the  surlUce  of  that  hill,  of 
wliii'l)  llic  interior  is  an  igneous  rock.  It  h  an  unex- 
pected coiihrniation  of  these  general  views,  and  inde- 
pendent of  all  g:eoIop:y  or  theory,  to  find  the  same 
belief  among  the  people  of  Banda ;  who,  according  to 
Keiiiu'urdt,  assert  that  their  island  is  still,  visibly, 
rising. 

There  remains  a  chemical  cjucstion  respecting  the 
generation  of  coral  islands,  which  is  exti'emely  obscure, 
while  it  l>cars  e(|nally  on  the  formation  of  the  ordinary 
stratified  limestones.  This  is  the  production  of  t!ie 
Lime :  but  chemistry  has,  hitherto,  not  a  rational 
suggestion  to  ofler.  The  fact  of  which  we  are  sure, 
is,  that  the  carbonat  of  lime  is  formed  by  animals,  in 
whatever  manner.  And  if  the  great  masses  of  coral 
rock  thus  described  be  estimated,  it  will  be  seen  (hat 
they  are  equivalent  to  some  of  the  largest  deposits  of 
secondary  limestone  existing.  That  the  secondary 
limestones  have  been  produced  by  the  animals  wliose 
shells  ai'e  still  imbedded  in  them,  is  far  therefore  from 
being  so  unreasonable  an  opinion  as  it  has  sometimes 
been  considered.  It  is  not  compulsory  to  believe  that 
all  limestones  have  originated  in  the  same  sources ; 
hut  when  we  recollect  that  these  rocks  abound  among 
the  secondary  strata,  while  they  sire  comparatively 
rare  among  tbe  primary,  diminishing  in  quantity  in 
proportion  as  we  recede  from  those  periods  in  which 
the  earth  was  most  fully  inhabited,  we  contemplate  a 
fact  which  confirms  the  deduction  that  may  be  drawn 
from  the  appearances  now  described. 


HE  history  of  V^olcanoes  forms  one  of  tlic  most 
popular  aiul  llie  most  interesting  branches  of  Geo- 
logy. If  the  splendour  and  the  consequences  of 
their  eruptions  attract  the  ordinary  spectator,  the 
Geologist  6nds,  iu  their  phenoiucnaj  difficulties  which 
it  is  his  duty  to  explain,  and  analogies  widely  con- 
nected with  other  departments  of  his  pursuit.  While 
they  are  the  great  sources  of  the  rocks  that  are  formed 
in  our  own  times,  they  throw  light  on  the  history 
of  the  unstratified  substances :  in  the  power  by  which 
they  elevate  and  derange  the  surface  of  the  earth, 
they  afford  a  clue  to  the  nature  of  the  far  greater 
changes  which  it  has  formerly  undergone :  and,  in 
reflecting  on  their  seats  and  causes,  we  are  led  to 
form  conjectures  respecting  the  interior  parts  of  the 
globe. 

If,  in  history  as  in  nature,  we  6nd  the  memorials 
of  countries  destroyed,  of  mountains  formed  and  de- 
molislied,  of  cities  overwhelmed,  of  rivers  that  have 
changed  their  couraes,  of  lakes  swallowed  up,  or 
generated,  aOj  in  compensation  of  all  this  evil,  the 
land  is  raised  above  the  level  of  the  waters  and  new 
islands  emerge  from  the  ocean.  The  most  delightful 
parts  of  Italy  have  suffered  from  volcanic  fires ;  the 
history  of  the  Subapennine  hills  even  proves  that 
vast  tracts  of  this  country  have  been  raised  into  ex- 
istence by  their  power.  And,  however  terrific  may 
be  the  phenomena  of  volcanoes,  they  arc  less  inte- 
resting than  these  records  of  antient  eruptions  ;  which 
connect  the  present  appearances  with  others,  of  a  fax 
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more  distant  origin,  explanatory  of  ilic  still   anterior 
revolutions  of  the  Earth, 

As  inij^Iit  be  expected^  few  subjects  have  produced 
more  writers.  But  we  search  in  vain  throngli  the 
great  mass  of  their  works,  for  ascful  or  Hcientific  in- 
formation. Even  the  acientffic  investigators,  tinxiou;* 
to  uiaintain  some  favourite  tJieory,  and  educated  in 
prejudice*  resjKCting  those  rocks  in  nainre  whit  h  bear 
the  greatest  analogy  to  volcanic  products,  have  rarely 
done  justice  to  a  subject,  of  whicli  the  principal  ol>- 
srurity  will  probahly  be  found  to  arise  from  their  own 
peculiar  views. 


Of  tha  Geography  of  f^'ulcanoes. 

However  numerous  ihe  existing  volcanoes  may  be, 
their  extent  and  numl>er3  have  once  been  far  mon^ 
considerable;  as  is  proved  by  the  extiuct  remains 
found  in  uiauy  parts  of  the  world.  The  great  age  of 
sonic  of  those  has  been  inferred  from  their  rocks 
being,  in  some  places,  covered  by  strata  uf  secondary 
limestone.  13ut  the  nature  of  this  fact  has  been  mis- 
taken ;  as  these  strata  have  been  formed  beneath  the 
sea,  and  elevated  by  the  volcanic  power.  It  is  the 
very  Ciise  described  in  the  last  chapter.  Such  toI- 
cauic  rocks  arc  therefore  not  necessarily  older  tliaa 
the  traps,  because  they  are  beneath  'ihe  strata  wbilo 
the  latter  are  above  them.  On  the  contrary,  the  re- 
verse may  be  inferred;  as  time  has  carried  away 
tlioac  strata  which  have  unquestionably  coverefl  the 
trap  rocks  in  many  places,  while  tliose  which  thus 
lie  on  the  volcanic  products,  remain.  If  geology 
could  be  proved  to  have  reasoned  worse  on  one  sub- 
ject than  another,  it  has  been  on  this  one.  There 
arc  doubtless  many  diffcreuces  of  age  among  extinct 


volcnnoes :  but  it  is  dilHcult,  for  want  of  cxiilaimtory 
facts,  even  to  approximate  to  the  period  of  their  ex- 
istence or  extinction,  far  less  to  determine  their  ab- 
solute or  relative  ages.  This  diHicultr  is  materially 
incrcat^ed  by  the  ditHculty  of  distinguishing  between 
the  traps  and  the  volcanic  products,  where  the  truces 
of  volcanic  action  liavc  disappeared.  Where  these 
eruptions  have  been  submarine,  the  illtiicnlty  is  in- 
superable ;  as  both  classes  of  rock  are  then  under  the 
same  circumstances,  and  arc,  in  truth,  identical. 
These  are  the  dilliculties  which  yet  beset  tlie  long 
agitated  qucbtiou  of  the  Eu^aiiean  hills  and  the  Vi- 
varais ;  and  which  will  be  found  to  exist  in  many 
other  cases.  With  respect  to  Italy,  it  is  certain  that 
many  of  the  volcanic  appearances  are  prior  to  that 
remote  period  when  Enrope  was  inhabited  by  races 
of  animals  long  since  extinct  in  this  continent.  In 
other  cases,  history  ofFers  some  aid ;  recording  the 
activity  of  many  which  have  been  long  dormant.  'ITie 
Scriptural  record  of  the  destrnction  of  the  cities  on 
the  Dead  Sea,  is  the  last  information  which  wc  possess 
of  the  former  activity  of  that  volcanic  district.  i 

The  extinct  volcanoes  of  Auvei^ne  are  among  those 
which  have  most  excited  the  attention  of  Geologists, 
from  the  peculiarity  of  their  positions  and  appear- 
ances, in  Italy,  the  traces  of  this  nature  are  innu- 
loerable ;  sixty  extinct  craters  being  reckoned  by 
Breislak  between  Naples  and  Cuni?e.  Many  other 
ptirls  of  this  country,  and  of  Sicily,  present  the  same 
records;  which  occur  also  in  the  Lipari  isles,  in  KIba, 
Sardinia,  Ischia,  Procida;  as  well  as  in  Lemnos  and 
other  parts  of  the  Greek  Archipelago.  St.  Heleuji, 
the  Azores,  the  Cape  dc  Verde  islands,  and  Madeira, 
present  similar  appearances,  as  do  Java  and  other 
islands  of  the  casterti  seas.      Iceland  is  one  owtite 


^^ 


353 


OH  VOLCANOES    AND   EARTnQUAKBS. 


vnlc-nnic  nins<^,  of  which  a  very  sinall  portion  is  now 
in  a  state  of  activity.  In  Peru,  there  are  abundant 
traces  of  the  same  nature;  but  I  need  not  enntnerale 
here  all  which  have  been  recorded. 

The  volcanoes  now  in  a  state  of  activity,  are  often 
found  in  the  same  districts  or  places  as  those  whieli 
have  Iieen  hmg  extinct;  indicating  the  existence  of  a 
pcrniancnt  cause,  and  a  tendency  to  the  repetition  of 
tlie  same  phenomena  iifter  long  intervals  of  repose. 
Those  of  Europe  arc  limited  to  Iceland,  and  to  the 
Italian  volcanoes;  too  W(dl  known  to  ref|uire  enu- 
meration. In  Asia,  there  is  one  extensive  volcanic 
tract ;  twenty  being  enumerated  in  Kamtschatka,  of 
which  five  at  least,  if  not  seven,  arc  of  great  di- 
mensions ;  the  whole  appearing  to  be  connected  with 
those  of  the  Kurile  islands,  which  amount  to  nine. 
In  central  Tartary  there  aie  two  or  more,  among 
which  Tourfan  is  conspicuous ;  and  there  are  some 
in  China  which  are  yet  unknown  to  us.  K^mpfer  has 
counted  eighteen  in  Japan  and  the  adjoining  isles; 
and  there  arc  nine  in  the  Ladrones,  with  many  in  the 
Philippines;  the  principal  island,  Luzon,  containing 
three.  The  Molucca  islands  also  abound  in  there,  as 
do  Sumatra  and  Java;  the  latter,  according  to  Rafiies, 
possessing  forty-eight.  Many  others  occur  also  in 
the  adjacent  islands. 

Among  African  volcanoes,  there  are  said  to  be 
forty-two  active  or  dormant  in  the  Azores.  In  tlie 
Canary  islands^  that  of  Teneriife  is  particularly  noted ; 
and  in  the  Cape  de  Verde,  Fnego  is  active,  as  arc 
those  of  Ascension  and  Bourbon  ;  but  the  interior  of 
that  vast  continent  is  nearly  unknown  to  us.  The 
occurrence  of  obsidian  in  great  abundance  on  ttie 
shores  of  Arabia,  nmst  be  taken  as  an  indication  of 
unknown  volcanoes  in  that  conntrv. 
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Those  of  America  aro  among  the  most  celrhrated. 
On  the  Xorrh-west  coast,  three  were  ohservtrd  l»y 
Captiiiti  Cook  ;  and  others  exist  on  various  parts  of 
the  coast  hetwceu  AlaEku  and  California,  in  which 
lust  district  iliere  are  five.  Along  the  Cordilleras  of 
Spanis}]  America,  they  are  found  dispersed  and  inter- 
uiixed  with  extinct  ones,  from  the  Tropic  of  Cancer 
to  Terra  del  Fuego :  and  iuuong  the  latter,  Chimbo- 
ra^o  is  noted  for  its  great  elevation.  Here,  they  seem 
to  extend  in  rows  nearly  north  and  south  ;  bnt,  iu 
Quito,  they  diverge  from  that  line,  being  spread  over 
a  space  of  seven  hundred  square  leagues.  The  Cor- 
dillera is  also  intersected  in  the  latitude  of  IIT  by  an 
east  and  west  raugc  of  thcin,  containing  the  recent 
volcano  of  Jorullo.  The  chain  of  islands  which  ex- 
tends from  Alaska,  contains  seven  in  a  state  of  ac- 
tivity, and  they  are  also  found  in  the  Gallipagos.  In 
the  West  India  Islands,  St.  Christopher,  St.  Vincent, 
Guadidoupo,  and  Nevis,  arc  still  active,  and  many 
extinguished  ones  arc  also  found.  I  have  but  just 
noticed  those  f»und  in  the  Pacific  ocean,  and  may 
refer  to  Arago  for  a  more  particular  enumeration  than 
would  be  admissible  here ;  but  the  total  number  of 
active  ones  Itnuwn,  amounts  to  nearly  t\*'o  hundred, 
of  which  ouf  half  belong  to  the  American  continent. 

Of  the  general  Characters  and  geological  Cojtnexhas 
of  f'okanoeji. 

The  forms  of  volcanic  mountains  are  peculiar. 
They  are  generally  lofty,  and,  ivhen  solitary,  of  a 
conical  form  ;  being  also  more  or  less  truncated  at 
the  summits.  When  active,  or  but  recently  ex-4 
tingnished,  that  truncation  is  accom])anied  by  an 
irregular  cavity,  whicii  forms  the  crater.  In  Vesu- 
vius, and  in  other  Italian  volcanoes,    the  cratev  \ft  ^ 
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very  remarkable  feature.  It  is  easy  to  uuderstand 
the  cause  of  these  forms ;  the  conoidal  shape,  like 
the  crater,  being  the  consequence  of  successive  erup- 
tions from  the  summit.  Hence,  also,  volcanic  moun- 
tains change  their  shapes ;  while  the  edges  of  the 
craters  or  the  snminits  of  the  cones  are  often  demo- 
lished, and  again,  sometimes  replaced  by  new  ones: 
and  thus  too,  eruptions  at  the  sides  produce  sub- 
sidiary mountains  with  craters  of  their  own,  which 
modify  the  foriu  of  the  principal  mass.  These  se- 
veral events  have  occurred  in  iEtna,  \a  Vesuvius, 
and  ill  Vnlcano.  In  America,  they  present  a  great 
diversity  of  forms.  But  the  Moon  will  convey  the 
tnoat  tangible  idea  of  many  of  these  varieties ;  since 
every  thing  is  here  displayed  as  in  a  model,  and  often 
in  a  very  explicit  manner. 

The  accurate  form  of  a  perfect  crater  is  that  of  an 
inverted  conoid  ;  and,  on  Cotopaxi  and  Teneriffe, 
they  are  surrounded  by  walls  of  lava.  The  bottom 
of  the  crater  is  generally  irregular;  being  sometimes 
a  plain,  of  greater  or  less  extent,  containing  small 
irregular  cones,  among  which,  during  periods  of 
comparative  repose,  various  volatile  matters  arc  dis< 
charged.  Thus  the  present  cone  of  Vesuvius  appears 
a  new  production,  raised  within  a  more  antient  cra- 
ter, of  which  Sorama  is  a  remaining  portion.  The 
size  of  tHe  Crater  rarely  bears  any  proportion  to  that 
of  the  mountain  :  in  Vnlcano  it  is  very  large,  in  Te- 
neriffe small ;  as  it  is  in  many  of  the  volcanic  moun- 
tains of  the  Andes,  although  that  of  Cotopaxi  is  of 
great  size.  The  depth  varies  after  every  eruption ; 
and,  in  Vesuvius,  these  changes  are  frecjuent,  tliough 
the  crater  of  Teneriffe  has  for  a  long  time  appeared 
very  constant.  In  some  eruptions,  a  volcanic  rone 
has  suddenly  disappeared,  leaving  a  lake  in  its  place; 


ON   VOtCANOBft   AND   EARTHQUAKES.  355 

the  origin,  it  uppeitrsj  of  the  lakes  of  Avcrno  and 
AgnaiKi.  That  U»c  ground  is  cavernous  beneath  the 
craters  of  volcaiioes,  is  proved  hy  their  sound,  and 
by  the  vapours  which  they  emit ;  appearances  re- 
markable at  Vulcano  and  in  the  Solfatara;  the  latter 
being  a  tract  which  has  maintained  its  character  un- 
varied since  a  period  anterior  to  Roman  history, 
giving  rise  to  wnie  of  the  well-known  mythological 
fables  of  the  antients. 

In  Europe  and  in  Asia,  those  volcanoes  which  are 
well  known,  appear  to  he  detached,  whatever  im- 
known  communlcatiuns  they  may  possess  beneath ; 
but  in  America,  they  are  sometimes  arranged  in  rows, 
OS  in  Chili  and  Guutiniala.  Autisan  and  I'ichinca  in 
Peru,  are  prolonged  ridges.  This  fact  has  given  rise 
to  some  speculations  on  the  seat  of  the  fire,  which 
will  come  under  review  hereafter. 

The  peculiar  position  of  marine  volcanoes  renders 
it  necessary  U>  record  a  few  of  the  appearances  which 
they  present.  In  1707,  near  St.  Erini  in  the  Greek 
Archipelago,  a  volcanic  island  was  formed,  which,  in 
less  than  a  year,  attained  a  circumference  of  five  miles, 
with  »u  altitude  of  forty  feet.  A  similar  one  of 
smaller  dimensions  was  also  produced  in  the  same 
place.  In  the  same  manner,  islands  have  been  gene- 
rated near  Iceland  and  the  Azores,  at  <lilfcrent  ])eriods; 
and  it  is  nut  long  since  a  small  8p<}t  was  thrown  up 
among  the  latter;  shortly  after  washed  away,  from 
having  been  formed  of  loose  materials.  In  the  Pa- 
cific ocean,  these  events  have  frequently  ha])pened; 
and  though  the  islands  thus  pi-odured  are  sometimes 
low,  they  occasionally  attain  a  consiilcrable  altitude, 
us  is  the  case  with  Ascension.  But  1  mav  refer  to 
the  accurate  wtirk  nf  \'ou  lloft'  for  nunicruus  dctaiU 
cu  this  subject. 
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The  geolojrical  counexions  of  volcanoes  have  not 
ofien  bcfiii  cleariy  ascertained,    nor  perhaps  are  they 
of  much  moment.     If  the  scat  of  the  fire  is  as  deep 
as  the  phenomena  would   indicate^    their  appearanre 
and  place  can  have  no  necessary  connexion   with  any 
of  the  rocks  at  the  surface;  since  they  mnst   break 
ont    ihrongh    whatever  obstacles   happen  to  oppose 
them.      It  is  generally   dilhcult  to  make  the  obser- 
vatiuns,  because  the  siurouuding  rocks  are,    in  most 
cases,  covered  by  the  produce  of  their  eruptions,  so 
as  to  be  rendered   invisible.      Hence   volcanic  rocks 
alone  are  to  he  found  in  the  neighbonrlinod.       Those 
of  Spanish  America  arc  often  indeed  situated  among 
Craps  and  porphyries  ;  but  there  can  be  no  doubt  that 
these  are  volcanic  products,  ejected  under  a  degree 
of  pressure  which   has  prevented  the  disengagement 
of  the  aeriform  matters.      If  they  could  be  proved  to 
be  trap  rocks,   formed  therefore  before  the  emergence 
of  the  present  strata,  or  at  that  time,  ibcy  would  esta- 
blish the    identity    between    trap  and    volcanic    pro- 
ducts,  and  also  prove  that  the  scat,  as  well   as  the 
origin  of   both,  was  the  same ;    thus  explaining  the 
tendency  of  the  trap  rocks  to  recur  more  than  once 
in  the  same  place,  and  further,  the  limited  and  local 
nature  of  these  productions.     As  these  porphyries  are 
connected  with  gneiss  and  micaceous  schist,  their  vol- 
canic origin  is  the  more  probable;  for,  with  occasional 
exceptions  sufticicntly  intelligible,  the  trap  rocks  are 
in  <:ontart:  with  secondary  strata. 

In  Auvcrgne,  the  volcanic  matter  has  issued 
through  granite;  whence  the  lavas  of  that  country 
repose  immediately  on  this  rock.  In  the  African 
islands,  the  volcanoes  appear  to  have  elevated 
tlienisclves  from  beneath  the  secondary  strata; 
caiTying    up   with    them  the    calcareous    beds   now 
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found  iu  those  islands;  Hud,  iu  the  PuciAc,  I  have 
already  shown  that  tliey  have  brought  np  from  the 
deep,  the  much  more  recent  coral  rocks.  Where 
the  original  rneks  cannot  aetuuUy  be  discovered  in 
their  places,  they  arc  sometimos  inferred  front  ob- 
serving the  unmelted  matters  ejected  during  erup- 
tions; and  thus  it  is  inferred,  that  granite,  micaceous 
schist,  and  primary  Umcstoue,  He  bcncutJi  the  pretK'Ut 
materials  of  Vesuvius. 

On  the  Action  of  yokanoes. 

The  action  of  Volcanoes  is  generally  periodical  or 
intermitting.  Yet  Stromboli  is  not  only  now  in  a 
state  of  constant  activity,  but  is  known  to  have  been 
so  since  the  year  292  before  the  Christiau  sera.  Jo- 
rnllo  h:is  also  continued  to  ilame  ever  since  it  first 
broke  out.  Vesuvius  has  been  kuown  to  remain  in- 
active for  centuries.  ^Ina  and  Tcnerlffe  have  also 
iDtcrmitted  for  a  century  together  ;  and  Vulcano  was 
free  of  eruptions  for  eleven  hundred  years. 

The  appearances  which  attend  eruptions  are  various, 
and»  in  some  points,  instructive;  but  as  I  can  only 
give  a  meagre  sketch,  1  must  refer  to  the  endless 
descriptions  of  authors.  As  ihe  consequences  are  no 
less  terrific  than  picturesque,  they  have  not  only  led 
to  highly  <:oloured  descriptions,  but  have  misled  and 
dazzled  those  whose  minds  were  not  steadily  bent  on 
realities. 

The  most  simple  and  precise  account  is  that  given 
of  Stromboli  by  Spallanzani.  The  crater  of  tliis  vol- 
cano always  contains  melted  lava,  in  constant  motion. 
On  a  sudden  it  becomes  raised  to  a  higher  level,  and 
when  it  arrives  near  the  edge  of  the  basin,  a  sound 
resembling  thunder  is  heard,  and  a  portion  of  the  lava 
is  thrown  up  into  the  air,  accompanied  b^  ^u«v  «.\\^ 
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smoke.  Large  bubbles  ap{>ciit  and  burst  at  the  mo- 
ment of  the  explosion,  after  which  the  lava  AJnka 
ag;ain  to  its  former  place;  these  appearances  beinj; 
repeated  incessantly  at  short  intervals. 

In  the  intennittent  volcanoes,  the  phenomena  vary, 
and  are  more  or  less  violent.  The  eruptions  of  Ve- 
suvius and  ^tna  have  been  most  studied,  and  have 
been  the  subjects  of  numerous  iotercsting  narratives, 
from  the  time  of  Pliny  to  onr  own  days.  In  general, 
the  first  appearance  of  an  eruption  consists  in  a 
column  of  smoke,  rising  to  a  great  height  in  the 
atmosphere,  and  then  spreading  out  in  a  form  com- 
pared by  Pliuy  to  that  of  a  pine  tree.  This  is  fol- 
lowed by  explosions,  by  trembling  of  the  earth,  aud 
often,  by  decided  carlhqnakcs.  Flame  is  then  seen 
to  issue  from  the  crater,  attende<1  by  red  hot  stones, 
which  arc  often  thrown  high  into  the  air ;  producing 
those  brilliant  effects  which  liavc  so  often  been  de- 
scribed. Lastly,  the  melted  lava,  rising  to  the  edge 
of  the  crater,  flows  over  it,  or,  in  some  cases,  brefU<s 
ont  at  a  fissure  formed  in  the  side  of  the  mountain, 
'i'hcsc  currents  arc  often  very  extensive  ;  reaching  to 
many  miles  in  length  and  breadth,  and  flowing  on 
with  a  constantly  diminishiTig  capidity,  for  many 
months  ;  the  issue  of  the  lava  from  the  opening  con- 
tinuing for  an  indefinite  period.  The  eruption  of  the 
lava  is  often  followed  by  small  fraguients  of  rock, 
commonly  called  ashes ;  being  the  sanic  substance:^ 
which  constitute  the  blatk  smuke,  aud  which,  in  the 
shape  of  fine  dust,  are  often  carried  by  the  winds  to 
enormous  distances,  Globular  masses  of  lava  also 
fall  with  it ;  appearing  to  luive  been  projected  in  a 
fluid  state,  and  to  have  been  consolidated  in  the  al- 
mosphere. 

Unriug  the  cmissiun  of  the   dark   smoke,  electrical 
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matter  is  produced,  appearing  iit  vivid  and  frequent 
flashes  of  lightning,  and  adding  much  to  the  aplen- 
doar  of  the  scene.  At  the  same  time,  sulphureous 
gas  is  generated  hy  the  combustion  of  sulphur  ;  and, 
in  some  eruptions,  white  smoke,  appai-cntly  the 
steam  of  water,  is  produced  in  considerable  cjuan- 
tities. 

The  uppcaronces  now  described  are  drawn  chiefly 
from  the  eruptions  of  Vesuvius,  of  which  more  than 
thirty  have  been  recorded  since  the  reign  of  Titus. 
By  these,  Pompeii  and  Herculaneum  were  over- 
whelmcil,  preserving  invaluable  records  of  Roman 
times  and  manners  ;  and,  by  one  of  them,  Monte  Nuo- 
vo,  three  miles  in  circumference,  was  thrown  np  in 
forty-eight  hours.  To  convey  a  further  notion  of  the 
quantity  of  matter  ejected,  Herculaneum  is  now  seventy 
feet  below  the  surface,  and  Pompeii  ten  or  twelve. 

Breislak  has  been  at  the  trouble  of  computing  the 
quantity  of  lava  ejected  by  some  remarkable  eruptions 
in  different  places.  That  which  flowed  from  Vesuvius 
in  1794  was  estimated  at  nearly  3,000,000  of  cubic 
fathoms.  In  1796,  the  mass  of  ejected  niHtters  in 
Bourbon  was  computed  at  upwards  of  9,000,000,  in 
1787,  at  nearly  12,000,000,  and  in  1791,  at  8,000,000. 
One  current  of  lava  from  ^tna  is  stated  by  Rccupcro 
to  be  forty  miles  in  length ;  and  that  which  flowed  in 
I6fi9  measured  fifteen  miles  by  seven  in  breadth,  while 
it  filled  all  the  intermediate  valleys.  One  of  the  erup- 
tions in  Iceland  is  said  to  have  covered  a  space  of 
ninety-fonr  miles  by  fifty,  or  four  thousand  seven 
hundred  sqnare  miles.  These  facts  will  convey  a 
notion  of  the  immense  masses  of  matter  that  are  thus 
brought  up  from  the  subterranean  regions  which  are 
the  scat  of  the  volcanic  fire. 

In  many  cases,  as  in  those  of  iEtaix  at\d'l!&vvct\ftA, 
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the  volcanoes  smoks,  with(nit  biiniinc*  for  a  lon^ 
perio<l :  whiW  othcru  emit  flames,  without  either  smoke 
or  lava.  In  some  of  the  eruptions  of  ^tna,  minnte 
fragments  and  dust  have  been  thrown  out,  while  the 
mountain  only  smoked  in  its  usual  tranquil  manner. 
Many  of  the  volcanoes  of  Quito  eject  flames,  water,  and 
mud,  without  lava.  Even  fish,  almost  livings  or  r( 
cently  dend,  are  tsoinetiines  thrown  out  with  the  watel 

The  eruption  of  u  volcano  for  the  first  time, 
attended  with  some  diiference  in  the  pheuouieui 
though  these  have  hitherto  been  examined  only  io 
volcanic  countries.  That  of  JoruUo  was  preceded  hr 
earthquakes  for  a  considerable  period ;  iifter  which  a 
lai^  tract  of  ground  rose  to  a  height  of  more  than 
five  hundred  feet,  forming  a  convex  hill,  whence  issued 
flames  extending  over  a  wide  space,  together  ^vitb 
fragments  of  heated  rocks.  This  snrfacc  was  in  a 
state  of  undulation  resembling  thnt  of  the  sea,  and  two 
rivers  were  swallowed  up  in  the  abysses  which  it 
formed.  Torrents  of  mud  with  stones  were  then 
thrown  out,  and  nnnierous  cones  arose  in  the  neigh- 
bourhood ;  ^rhilc  one  large  chasm  was  formed,  whence 
vere  projected  masses  so  bulky  as  to  form  hills  of 
sixteen  hundred  feet  in  height.  Jorullo  itself,  still 
burning,  is  the  highest  of  these. 

In  the  history  of  this  eruption  wc  can  trucf  tliv 
origin  of  those  chains  which  were  formed  on  the 
declivity  of  jEtna  in  1809,  and  on  that  of  Vcauvins 
in  17(50-  It  is  probable  that  similar  phenomena  ac- 
companied others  long  since  extinct ;  such  as  those  of 
Auvergne,  which  are  ranged  in  n  line  of  sixty  milc•^ 
m  length.  Thus  also,  successive  eruptions  may  nt 
some  future  period  raise  Jorullo  to  the  height  of 
Vesuvius  or  TEtna.  It  is  easy  also  lo  understand, 
how  an   eruption   thvis  taking  plu(c  for  ihc  first  lime 


iu  11  new  spot,  may  bt;  atteiidcd  with  umisuat  violence; 
(roiu  the  ^eatcr  accumulation  of  the  cxpnnsive  mat- 
ters cauJicd  by  tlie  superior  resistance. 

Eruptions  of  singular  and  extraordinary  violence 
have  occurred  in  Java,  In  one  of  these,  the  volcano 
Papandyan^  entirely  disappeantd,  having  fallen  into 
the  earth.  The  extent  of  tlie  land  thus  swallowed, 
was  estimated  at  fifteen  luilcs  in  lenj^th  hy  six  in 
breadth ;  and  that  which  remained  was  so  far  levelled 
as  to  stand  but  three  feet  higher  than  the  surrounding 
plain.  This  accident  was  attended  by  an  earthquake^ 
and  by  an  cruptioD  of  volcanic  matters.  In  anothen 
an  eruption  took  place  in  Sumbawa,  one  of  the  Mo- 
lucca islands,  in  1815-  The  island  of  Java,  three 
litindred  miles  distant,  was  darkened  and  covered  with 
ashes;  while  the  explosions  were  heard  for  many 
days,  not  only  in  this  i^)hlnd,  but  in  Sumatra,  at  a 
Uistaucc  of  seven  Imndred  miles. 

The  phenomena  which  attend  the  emptions  of  sub- 
marine volcanoes,  arc  sometimes  of  a  peculiar  nature. 
The  islands  thus  produced,  are  sometime*  formed  by 
the  direct  elevation  of  the  submarine  strata;  as 
happens  in  the  Coral  islands.  In  these  cases,  erup- 
tions of  fire  and  smoke  have  been  observed.  In  other 
instances^  stones  and  scoria  arc  thrown  out  from  the 
volcanic  aperture  ;  which,  gradually  reaching  the  sur- 
face, become  consolidated  by  their  own  weight,  and 
by  admixtures  of  lava.  The  pumice  so  often  found 
floating  in  the  sea,  is  probably  often  produced  by  these 
causes ;  having  been  too  light  to  consolidate  itself, 
uud  lieing  thus  washed  away  by  the  waves.  Thus  the 
bmall  island  of  Sabrina,  near  the  Axores,  was  entirely 
destroyed  not  long  after  it.s  formation ;  having  been 
formed  entirely  of  light  scoria.  Such  recent  volc^mir 
islands  Iiave  been  produced  on  the  eoa«t  of  Iceland. 
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'I'lieiasia,  Antomali,  and  Thin,  according  to  Pliny, 
were  thus  generated  near  Sanlorini ;  and,  more  re- 
cently, some  smaller  ones  have  been  formed  in  the 
same  place,  a;s  before  mentioned.  In  these,  as  in 
oilier  cases,  Hauies  and  smoke  have  appeared  in  the 
sea,  marine  cmthcjuakes  have  been  felt,  and  the  water 
has  been  heated  to  boiling. 

Of  the  Produce  of  f^oU'am}es. 

The  productions  of  Volcaaocs  are  numerous  and 
varions ;  consisting  of  different  gaseous  uiatters,  of 
inflammable  substances,  and  of  various  salts,  minei^als) 
and  rocks.  A  very  brief  notice  of  the  greater  number 
of  these  nmst  suffice;  as  wc  are  little  able  to  throw 
light  on  their  origin,  and  as  the  minerals,  which  arc 
among  the  most  interesting,  belong  to  the  department 
of  the  mineralogist. 

The  formation  of  flame  is  attributed,  and  appa- 
rently with  reason,  to  hydrogen  gas  produced  from  the 
decomposition  of  water ;  and  its  evaporation  appears 
to  be  the  chief  cause  of  the  white  smoke,  resembling 
cotton,  or  the  produce  of  the  high-pressure  Steam 
Engine,  which  is  sometimes  thrown  up.  It  has  also 
been  ascertained  that  Vesuvius  throws  out  carbonic 
acid,  azote,  muriatic  acid,  and  sulphurous  acid.  Sul- 
phur is  said  to  be  sometimes  ejected  by  eruption ;  but 
it  is,  in  general,  sublimed  by  a  slower  process,  during 
periods  of  comparative  ropos*\  Bnracic  add  ib  one  of 
the  rarer  productions;  occurring  in  Vulcano  :  and  the 
formation  of  siliceous  stalactites,  apparently  deposited 
from  the  steam  of  water,  in  Vcsuvian  eruptions,  nmst 
also  he  considered  rare.  Tourfan,  in  Tartary,  pro- 
duces mnriat  of  ammonia. 

It  was  already  remarked,  that  the  black  smoke  of 
Tolcanocs  consisted  of  dusl,   or  of  the  minutest  frag- 
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ments  of  rucks  ;  and  tbi»  also  appears  to  be  the  chief 
soiu-cc  of  the  mud  which  has  ofteu  been  siipjiosed  to 
flow  out  of  tlie  voU-aiiic  opening.  During  the  crup- 
lioD,  torrents  of  rain  fall  ou  the  mountain  ;  aud,  unx- 
ing  with  the  dn»t,  prodnce  those  currents  of  mud 
which  seem  chiefly  to  have  overwhelmed  Pompeii. 
But,  in  other  cases,  as  boiling  water  ia  also  ejected, 
either  from  the  water  of  rivers,  or  of  lakes,  or  of  the 
sea,  getting  access  to  the  burning  caverns,  it  is  not 
improbable  that  this  is  also  an  oecasioual  source  of 
.the  eruptions  of  mud.  ITiat  the  fishes  already  men- 
tioned, Pinielodcs  Cyclopum,  should  be  ejected  with- 
out destruction,  proves,  that  the  water  had,  in  tliesc 
cases,  been  thrown  out  almost  at  the  moment  of  its 
admission  to  the  sources  of  heat.  The  ton-cnts  of 
water  which  sometimes  accompany  eruptions,  are  also 
occasionally  caused  by  the  melting  of  the  snuws  on  U»e 
summits  of  the  mountains ;  an  event  which  has  fre- 
quently oc^curred  in  the  Andes,  and  been  attended 
with  great  destruction. 

But  I  must  here  also  mention  those  singnlar  pro- 
ductions, the  mud  volcanoes,  which  exist  without 
apparent  6rc.  One  of  these  is  found  in  Java,  one  iu 
Sicily,  and  others  in  the  Crimea.  That  of  Maeeahiba 
in  Sicily,  is  a  hill  terminating  in  a  plain  of  mud,  which, 
when  softened  by  the  rains,  is  in  a  state  of  ebullition, 
and,  when  dry,  is  elevated,  in  varipus  places,  into  little 
cones  with  craters,  whence  a  black  nmd  is  emitted. 
In  some  seasons,  the  eruptions  are  sudden  and  violent, 
and  attended  by  slight  eaithfjuakes.  Fragments  of 
rock  are  sometimes  also  ejected,  together  with  sulphu- 
retted hydrogen :  and  this  general  account  is  sufli- 
cicutly  applicable  to  all  the  appearances  of  the  same 
nuture  that  have  been  described. 

But  the  most  interesting  products  of  volcanoes,  to 
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the  geologist,  lire  tlic  rucks  and  iiiiocrals  which  tlicy 
eject ;  as  these  throw  lij;ht  on  many  obscure  and  dis- 
puted points  in  the  history  of  tlie  unstrntihed  rocks. 
I  shall  not  cnuuicrate  the  long  list  of  volcanic  niincrals, 
as  thcv  ure  to  he  found  in  all  the  treatises  on  niincra- 
l<^y.  The  only  question  of  interest  here,  is  the  mode 
of  their  production ;  nnd  I  have  sntficicntly  shown,  tliat 
the  greater  niimher  arc  the  produce  of  fusion,  though 
some  are  formed  by  watery  infiltrations  into  the  cavi- 
ties of  the  scona ;  a  case  ideutieul  with  thut  of  the 
generation  of  the  atiiygduloidul  nodules  in  the  trap 
rocks.  If  it  is  not  always  possible  to  distinguish  the 
two  cases,  the  following  gtnieral  rule  may  still  he 
coniuionly  applied  to  them.  When  the  minerals  form 
part  of  tlic  solid  rock,  whether  it  l>e  scoriform  or  not, 
and  paniculiU"ly  when  tliey  impress  and  interfere  with 
each  other,  they  nnisl  be  considered  as  the  produce  of 
fusion ;  where,  on  the  contrary,  they  occupy  the 
caverna  of  the  scoria,  whether  tilling  them  or  not,  they 
will  generally  he  found  to  arise  from  posterior  watery 
Jntiltration. 

'Hie  untiised  rocks  ejected  by  volcanoes  require  no 
particular  notice,  as  they  may  consist  of  any  of  the 
jnumcrous  substances  that  chance  to  lie  in  the  way  of 
[ihe  volcanic  explosion*     It  is  easy  to  understand  how 
[they  may  he  throwu  out  little  altered,  as  has  sunietiines 
'happened  to  limestouc  containing  shells  ;  and  how  by 
fulling  back  into  the  crater,  and  being  then  exploded 
again,  they  may  hear,  in  a  greater  or  less  degree,  the 
marks  of  heat,  or  even  of  superficial  fusion.     The  do«t 
and  fragments  may,  in  the  same  manner,  be  the  pro- 
duce of  the  natural  rock,  or  of  the  antient  solid  lavas 
[which  form  the  crater  and  the  internal  cavities  of  the 
mountain.      Hence   the  puzzolaiia  and   the  tufiui   of 
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voleanoofi;  and  lionce  also,  when  inix<>d  with  water, 
the  eruptions  of  tenacious  mud. 

'Ilie  rocks  ejected  in  a  liijuid  state,  arc  ilie  most  im- 
portant of  tlic  volcanic  products,  and  arc  commonly 
divided  into  ob-jidian^  pumice,  scoria  or  cavernous  lava, 
atid  solid  lava;  presenting  great  varieties  of  a»pect 
and  composition.  The  distinctions  between  these 
are  not  however  always  very  definite;  nor,  in  a  geo- 
logical view,  arc  they  of  much  importance. 

The  consolidated  currents  of  lava  consist  of  a 
greater  or  less  variety  of  these  rocks,  and  form  irre- 
gular beds,  somewhat  resemblini^  strata  when  in  par- 
ticnlar  positions.  They  arc  of  various  sizes,  and  often 
ve-ry  extensive.  As  they  are  freqnently  repeated  in  the 
same  spot,  they  arc  also  found  in  irregular  snceessionj 
with  layers  of  dust  or  puzzolana  sometimes  inter- 
posed. In  Iceland,  they  have  occasionally  been  fused 
in  their  places  without  flowing*  Those  which  have 
flowed  under  the  sea,  or  under  other  more  nntient  lavas, 
are  often  compact ;  while  those  ivhich  have  run  on  the 
surface,  arc  porous  or  cavernous  ;  from  that  disengage- 
ment of  air  which,  in  the  others,  has  been  prevented  by 
the  su|KTincnmbent  weight.  In  a  few  instances  they 
form  columns  resembling  those  of  the  trap  rocks ; 
and  they  also  present  examples  of  that  laminar  con- 
cretionary structure  so  remarkable  in  trap,  and  which 
occurs  in  granite  idso. 

The  decomposition  of  lavas  is  very  nnef)nai  in  re- 
spect to  the  tinte  which  it  occupies;  and  this  arises 
from  the  very  variable  nature  of  their  composition ; 
while  they  are  noted,  on  iEtna  and  Vesuvius,  as  well 
^as  elsewhere,  for  producing,  like  the  traps,  reninrkably 
fertile  soils.  From  false  calcidations  respecting  the 
time  required  for  this  decomposition,  and  from  mis- 
taking interposed  tufas   for  the  effect  of  this,  tUew 
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havrt  heen  dcdiu-i'd  groundless  con  elusions  r('8|x>ctiug 
the  ages  of  eruptions,  ^vliich  it  is  now  no  longer  ne- 
cessary to  rcftite. 

It  has  hcen  idly  disputed  whether  lavas  could  ever 
Im?  compact:  and  hence  tbey  who  have  denied  this 
|K>ssibility,  have  referred  all  the  compact  volcjuiic 
rock»  to  trap.  This  ha»  been  a  fertile  source  of  er- 
rors which  it  is  iuiportant  to  remove;  Ijoth  as  it  re- 
gards the  history  of  the  former  and  that  of  the  latter 
substances.  The  question  can  never  be  decided,  it  is 
evident,  if  every  compact  lava  is  considered  a  trap  rock; 
since  this  is  1o  itssume  ihe  point  to  be  proved,  Thi- 
'■volcanic  rocks  of  Anvcrgne  are  often  compact,  us  are 
many  deep  currents  of  lava  which  have  been  examined 
in  many  parts  of  the  world.  And  as,  in  many  modem 
lavas,  the  size  of  tlie  pores  diminishes  as  we  descend 
deeper  in  the  bed,  the  possibility  of  this  state  of  abso- 
lute solidity,  and  the  nature  of  the  cause  by  which  the 
variable  nature  of  lava  in  this  respect  is  influenced  are 
proved.  It  is  elsewhere  shown  that  the  same  variations 
exist  in  the  trap  rocks;  and  unquestionaljly  from  the 
same  c^nse,  or  a  greatcror  less  degree  of  pressure  acting 
on  the  fluid  uiaterial.  The  tuialogy  of  lavas,  in  many 
particulars,  to  the  rocks  of  this  class,  is  striking;  «s 
must  be  the  case,  since  their  origin  is  analogons  or 
identical.  Much  additional  light  would  be  tJirown 
on  the  latter,  from  a  more  accurate  history  of  vol- 
canoes than  wc  have  yet  had.  It  is  an  important 
point  lo  ascertain,  whcllier  the  rocks,  apparently  of 
the  trap  family,  in  ivhich  volcinoes,  or  lavas,  are  often 
situated,  are  the  produce  of  their  eruptions,  and, 
fiu-ther,  whether  they  are  the  produce  of  ernptioDs 
within  recent  times,  or  during  the  present  state  of  the 
glol>e.  If  such  formations  of  trap  can  be  certainly 
distinguished  from  the  iiscertained  |»oduce  of  recent 


volcanic  eruptions,  and  if  they  resemble  in  every  point 
that  family,  while  they  differ  essentially  from  the 
present  volcanic  rocks,  it  might  be  cunclutled  that 
such  volcanoes,  luidcr  some  other  couditiou  possibly, 
were  anterior  to  the  present  state  of  the  globe  and 
tvere  permfincntsourceaof&ubterrHiieunheat*  Thnsalso 
it  mi^ht  be  inferred,  that  the  present  overlying  rocks 
occupie<l  the  places  of  antient  volcanoes,  though  dif- 
fering perhaps  in  some  essential  circumstances  from 
(he  existing  examples. 

It  is  not  here  neccssciry  to  describe  minutely  the 
various  characters  and  composition  of  the  hivas:  alt 
that  maybe  required  on  this  subject, will  be  found  in 
the  Classification  of  rocks.  In  a  general  sense,  they 
present  a  much  stronger  reseuiiilance  to  the  traps*  than 
to  any  others,  as  well  in  their  aspect  as  in  their  con- 
stituent minerals;  though  it  is  in  this  last  circumstance 
that  the  most  important  differences  will  he  fonnd. 
Yet  even  these  difl'crences,  when  most  striking,  are 
rather  of  a  local  than  a  general  nature:  the  Icucitcs  of 
Vesuvius  arc  almost  pecnliar  to  that  mountain,  as  are 
many  of  the  very  compound  lavas  in  which  it  abounds. 
Augit,  and  compact  felspar,  or  a  mineral  analogous  to 
this  last,  form  the  leading  iiigredients  of  lavas,  as  they 
<lo  of  many  of  the  trap  rocks.  With  respect  to  gene- 
ral character,  the  lavas  are  simple  and  compact,  or 
porous,  or  amygdaloidal,  or  porphyritic,  or  of  a  gra- 
nitic character  ;  and  two  or  more  of  these  features  are 
sometimes  united  in  one  example.  Where  the  occa- 
sional minerals  are  numerous,  they  sometimes  form  the 
great  balk  of  the  compound,  as  is  the  ciisc  with 
Leucite.  Obsidian  is  a  glass ;  and  pumice  varies,  only 
as  it  happens  to  consist  of  this  glass  inflated  by  air 
or  steam,  or  of  other  lavas  rendered  no  tlioroughly 
cavernous  by  inflation  as  to  float  on  watei*. 
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Of  the  Seat  and  of  the  Theory  of  yolcanoes. 

As  thr  disputed  <|U03tion  respecting  the  seat  of  the 
volranic  (ire,  is  intiuiiitfly  connected  witli  tlic  theory 
of  Volcanoes,  it  is  necessary  to  consider  these  two 
bii1>jecta  together.  It  has  I>ecn  imagined  tliat  the 
seat  of  the  volcanic  fire  was  superficial,  and  that  it 
lay  amon^  the  coal  strata ;  the  eruptions  having  been 
attributed  to  the  conihustioii  of  this  suhstance.  It  is 
to  trifle  with  a  reader  of  any  sense  or  knowledge,  to 
Iwstow  a  serious  thought  on  such  pnerihticH.  But 
the  propoundcr  was  the  greatest  of  Geologists ;  the 
condition  of  Geological  science  is  not  to  be  wondered 
at.  Were  snch  strata  proved  to  exist  beneath  vol- 
canic mountains,  their  depth  wonld  ant  be  snHicicnt 
to  produce  effects  which  bespeak  the  profundity  of  the 
abysses  whence  sucii  cuornious  uiasscs  of  uiatter  and 
such  extensive  distnrbances  proceed.  Besides,  in  the  ao- 
tient  volcanoes,  such  stores  of  coal,  evcu  had  they 
e-xisted,  must  long  ago  have  been  consumed  j  while 
the  black  smoke  of  volcanoes  does  not  consist  of  in- 
flammable matter,  and  they  eject  no  bitumen.  Bat 
it  is  useless  to  euuuieratc  other  objections  of  equal 
weight.  Be  the  cause  of  the  fire  what  it  may,  it  is 
not  seated  within  the  volcanic  mountain.  Had  that 
been  the  case,  many  of  these  would  have  been  de- 
stroyed, instead  of  having  constantly  received,  for  such 
long  periods,  such  vast  accessions  of  matter.  This 
alone  proves  tliat  the  cau^ie  is  deep  seated,  and  that 
the  cavities  which  have  supplied  the  volcanic  porlioiiH 
of  ^tna,  Tenerifte,  or  Vesuvius,  arc  so  remote  as 
to  be  protected  from  the  great  weight  of  these  moun- 
tains by  the  crust  of  solid  earth  wliich  lies  above 
them.  The  phenomena  of  submarine  volcanoes  also 
prove  the  great  depth  of  their  causes;  as,    from  no 
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other  sources  could  such  masses  of  matter  be  elevated 
from  the  bottom  of  a  deep  sea. 

The  same  depth  is  proved  by  the  obvious  con- 
uoxion  which  subsists  among  the  Itnliau  volcanoes ; 
and  if,  as  formerly  suggested,  a  large  portion  of  that 
country  has  been  raised  from  the  bottom  of  tlie  ocean, 
the  source  of  expansion  must  lie  very  deep  in  the 
eurth.  The  phenomena  of  earthquakes,  the  effects 
of  which  are  often  propagated  to  such  enoriuous  dis- 
tances from  their  immediate  seat,  prove  the  same 
theory;  as  it  will  immediately  be  shomi  that  they 
arise  from  volcanic  actions. 

Ii  might  be  inferred  from  the  antient  volcanoes  of 
Auvct^ne,  that  the  place  of  the  heat  was  one  pro- 
longed chasm,  the  tires  of  whicli,  issuing  from  a 
great  depth,  have  found  a  vent  in  different  places;  and 
this  opinion  is  strongly  confirmed  by  the  American 
volcanoes,  particularly  by  the  circumstances  with 
which  the  eruption  of  Jorullo  was  attended.  There  is  a 
narrow  belt,  lying  between  the  parallels  of  eighteen 
and  tweuty-two  degrees,  in  New  Spain,in  which  many 
haming  and  extinct  volcanoes  are  situated.  That  a  con- 
tinued fire  exists  here,  is  proved  by  the  presence  of 
boiling  springs,  by  tlie  occasional  eruption  of  smoke, 
by  frequent  noises  or  explosions,  and  by  earthquakes. 
In  this  line  are  the  volcanoes  of  the  Pic  d'Orizaba, 
la  Pucbta,  Neviido  de  Toluca,  and  Colima;  that  of 
Jorullo  lying  in  the  same  parallel,  and  nearly  at  right 
angles  to  the  Cordillera  of  Anahuac.  This  line,  ex- 
tending for  one  hundred  and  thirty  leagnes  and  up- 
wards, seems  to  indicate  the  existence  of  a  volcanic 
chasm,  which  may  probably  extend  even  to  the  Ar- 
chipelago of  Revellcgedo,  and  may  also  be  the  com- 
mon deep  scat  of  the  whole.  Hence  the  great  depth 
of  the  volcanic  regions  is  here  indicated  by  a  ai5cc\t^ 
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of  evidence  which  appears  iincoutrovertible.  Jt  is 
equally  probable  that,  Hke  the  American  and  Italiaa 
volcanoes,  those  of  the  Canary  isles  are  merely  the 
separate  vents  of  one  volcanic  abyss,  which  must 
there  also  he  very  deeply  situated.  I  may  here  also 
remark  that  the  volcanic  re^on  of  Sardinia  extends 
ia  a  line  through  the  whole  length  of  that  island. 

The  caiwcs  of  the  volcanic  fire  have,  naturally,  been 
subjects  of  much  speculation.  The  theory  which  at- 
tributes this  to  coal  has  already  been  examined.  The 
i^ition  of  pyrites  has  also  been  a  favourite  theory 
with  those  who  saw  nature  only  in  the  minutiae  of 
their  laboratories  and  cabinets.  There  is  no  sudi 
pyrites  present,  the  products  of  volcanoes  are  not 
those  which  would  result  (i-om  such  a  cause,  and  it  is 
neither  able  to  explain  their  duration,  their  intermix 
sion,  nor  their  deep  and  distant  connexions.  The 
same  answer  nearly  may  he  given  to  the  theory  which 
supposes  sulphur  to  be  the  cause;  and  that  which 
attributes  it  to  bitumen  is  equally  unworthy  of  further 
notice. 

As,  in  justification  of  these  theories,  it  has  been 
asserted  that  the  temperature  of  volcanoes  was  low, 
and  that  the  rocks  were  not  melted  by  the  ordinary 
process  effusion,  I  must  bestow  a  few  words  on  a 
speculation  which  derives  no  merit  but  from  its  ex- 
traordinary absurdity.  That  the  bitumen  of  Kirwan 
or  the  sulphur  of  Fcrrara,  should  produce  the  fluidity 
of  lavas  without  fusion,  are  propositions  which  do 
not  deserve  a  serious  examination  ;  even  could  it  be 
proved  that  either  of  these  substancea  wore  present  in 
lavas;  which  they  are  not.  The  project  of  Dolomiea 
for  causing  the  parts  to  slide  on  each  other,  must  be 
passed  over,  in  compassion  to  a  well-meaning  ob- 
server-    They  wlio  conld  adopt  it  from  him,  under 
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tbe  lowcBt  kiiowlcilgc  of  chenuHtcy,  deBervc  Jione. 
These  theories  have  been  contrived  because  it  was 
suppoiied  tliat  certain  fusible  mineruU  contained  in 
Volcanic  products,  were  crystals  that  had  been  ejected 
ill  that  «late;  whereas  they  are  the  produce  of  igneous 
fusion  and  slow  cooling,  uf  affinities  exerted  in  a  com- 
pound Quid  mass  of  earths.  Thus  docs  i^orancc 
generate  folly.  That  the  phenouiena  of  Volcanoes 
all  indicate  an  intense  heat,  wonld  be  as  superfluous 
to  prove,  as  it  would  be  to  show  that  those  lavas 
which  ouce  formed  uniform  fluids  resembling  glass, 
are  now  crystallized  rocks  of  an  infmitc  diversity  of 
character.  Of  the  theories  of  Thomson  and  Patrin, 
one  of  them  is  impossible  and  the  other  unintelligible; 
but  there  arc  two  other  hypotheses  which  demand 
more  notice,  as  the  last  also  is  probably  the  true  one. 
Since  it  has  been  known  that  the  earths  and  al- 
kalies were  the  oxydes  of  metallic  sntwtances,  it  has 
been  supposed  that  the  admission  of  water  to  repo- 
sitories containing  their  metallic  baseti,  was  adequate 
to  the  solution  of  volcanic  phcnouieua.  Tins  hj-po- 
tUesis  has  a  merit  which  must  be  n>fused  to  all  the 
others,  because  its  chemistry  is  true.  But  il  does  not 
provide  for  tbe  perpetual  heat  maintained  in  volcanic 
regions,  nor  for  the  long  intervals  of  repose,  nor  for 
llic  production  of  new  volcanoes.  Water  muet  be 
admitted  in  stated  modes  to  produce  these  eftects; 
and  there  is  no  agent  to  provide  for  its  admission,  or 
to  open  the  fissures  through  which  it  must  flow  upon 
these  iiiflatniaable  substances.  But  a  more  serious 
objection  arises  from  c^msidcriog  the  nature  and  abuni 
dance  of  the  unstratiBed  rocks,  of  which  the  origin  is 
similar  to  that  of  volcanic  snl>stances.  It  is  plain, 
that  to  form  all  the  granite  and  trap  of  the  earth,  an 
enormous  (juantity  of  water  must  have  been  cou- 
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sunied,  attended  by  n  proportiooute  disengageinent  of. 
hydrogen,  which  is  not  now  in  existence. 

The  last  hypothesis  ia  that  which  supposes  tlie  per- 
petual existence  of  a  central  fire,  or  heat,  ready  to 
produce  int^anunatton  and  its  consequences,  whether 
from  the  admission  of  water,  or  from  intenml  che- 
mical actions  occurring  in  consequence  of  changes 
respectine;  which  we  cannot,  at  present,  easily  spe- 
culate. As  this  doctrine  forms  also  the  basis  of  the 
hypothesis  which  relates  to  the  unstratified  rocks,  it 
connects,  by  one  common  cause,  those  things  which 
are  so  exactly  connected  in  their  natui-es  and  appear- 
ances. The  permanence  of  this  central  heat  is  indi- 
cated by  the  permanence  of  volcanic  fires,  and  by  the 
phenomena  of  hot  springs.  The  force  exerted  may 
be  the  consequence  of  the  changes  already  mentioned, 
or  of  an  expansion,  the  nature  of  which  hiis  not  been 
explained.  It  is  plain,  that  as  far  as  the  excitement 
of  the  action  by  water  is  concerned,  it  does  not  labour 
nndcr  the  same  difficulties  as  the  last ;  as  it  is  not 
necessary  that  the  water  should  l>e  decomposed,  and 
as  the  supposed  expansion  mig;ht  produce,  at  irregular 
intervals,  those  fissnres  which  are  necessary  for  its 
transmission.  The  objections  which  have  been  made 
to  this  theory  are  of  no  force,  as  far  as  relates  to  its 
power,  its  properties,  or  its  modifications ;  and  by 
adding  some  not  unreasonable  assumptions,  it  is  easy 
to  modify  it  to  all  the  requisite  ends.  It  is  bat  one 
portion  of  thut  general  theor)'  which  includes  the 
causes  of  the  figure  of  the  earth  and  of  all  its  impor- 
tant revolutions ;  of  which  also,  the  phenomena  of 
volcanoes  form  one  of  the  leading  evidences. 

It  assuredly  presents  a  more  mngnificcnt  and  con- 
sistent view  of  nature,  to  consider  Volcanoes  as  parts 
of  one  great  system.,    and  not  as  casual   and   partial 
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pbeiiomena,  whatever  theory  we  may  adopt  for  their 
explanation.  We  cannot  bat  suppose  that  operations 
so  important  are  all  dedicated  to  one  great  end.  And 
the  views  of  the  origin  of  the  unstratiBed  rocks  given 
in  this  work,  being  just,  it  is  easy  to  sec  n'hat  that 
office  is,  of  which  Volcanoes  form  a  part,  or  of  which, 
at  leant,  tliey  are  the  proofs  and  living  records.  Suc- 
cessive eruptions  of  granite  and  anticnt  poi-phyry,  the 
same  successions  in  Trap  rocks,  the  elevations  of 
Italy,  those  of  the  Coml  islands,  ^tna  and  Jorullo, 
this  is  the  chain,  and  it  is  entire. 

The  resemblance  between  many  of  the  trap  rocks 
and  the  volcanic  productions,  has  been  here  established ; 
and  these  are  strongest  when  we  compare  the  most 
antient  of  the  volcanic  rocktt  with  the  former.    Avery 
perfect  resemblance  in  all  the  essentia!  circumstances 
has  been  also  shown  to  hold  between  the  trap  rocks 
and  those  of  the  granite  family.     If  all  this  be  con- 
ceded, the  whole  of  these  are  parts  of  one  great  Vol- 
canic system,  operating  at  different  periods  and  nnder 
different  circumstances,  from  the  very  commencement 
of  the  eartli  to  our  own  days.     Under  such  variationa, 
modern  volcanoes   may  be  destined  to  form  future 
trap    rocks:    even  now  they  are  probably  forming  be- 
neath the  sed,  and,  possibly  also,  beneath  the  land,  pro- 
ductions of  the  same  nature,  as  they  are  also  producing 
islands  above  it.     Our  own  traps,  and  even  onr  gra- 
nites, must  then  also  be  the  produce  of  antient  volcanic 
fires ;  differing  in  numerous  circumstances  which  it 
cannot  now  be  necessary  to  repeat.     Many  of  these 
effects  may  have  been  purely  submarine,  lifting  with 
them  the  strata  which  now  form  the  earth's  surface. 
Where  they  have  broken  through  the  strata,  as  they 
have  so  often  done,   it  is  easy  to  understand  liow,  in 
the  lapse  of  time,  all  the  peculiar  appearaace&  '«Vt\cV 
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diitingaish  moderu  volcanoes  may  have  been  wasted 
away;  how  the  craters,  the  narrow  and  shallow  cur- 
rents, and  the  loose  materials,  may  have  vanished; 
leaving  nothing  remaining  but  those  solid  rocks  which 
are  no  longer  distinguisliable  from  trap;  or  rather 
which  are  real  members  of  that  family. 

if  it  is  still  a  doubt  among  geologists  whether  the 
Enganean  hills  are  formed  of  trap,  or  whether  tbey 
are  of  volcanic  origin,  we  must  expect  similar  difficul- 
ties elsewhere ;  and  till  geologists  shall  think  fit  to 
adopt  more  philosophical  views,  such  difHcultics  mnsr 
ever  remain  ;  as  they  will  be  always  explained  by  the 
particular  prejudices  of  the  observer.  Tbe  very  vol- 
canoes of  Auvergnc  might  thus  also  e<|naUy  claim  to 
be  of  the  trap  family,  as  they  were  once  supposed: 
while  they  form  that  intermediate  link  which  is  want- 
ing to  connect  together  two  very  distant  periods  of 
eruption,  or  the  two  classes  of  phenomeiiu,  and  thus 
to  prove  the  identity  of  both.  Hence  the  Volcauic 
Theory  of  the  Earth,  as  it  has  been  called,  assumes  a 
form,  which  those  who  have  taken  a  dttferent  view  of 
the  efl'ects  of  internal  buat  had  neither  the  knowledge 
nor  the  judgment  to  understand.  The  theories  are 
the  same,  nnderdiflferent  names:  but  the  self-imagined 
improvers  on  Lazzaro  Moro  conatructed  a  system  out 
of  dieir  own  ignoiimce,  disclaiming  the  teacher  whose 
facts  they  could  not  couiprchend;  and  willing,  too, 
perhaps,  to  pass  for  inventors.  The  volcanoes  which 
now  elevate  great  tracts  of  land,  whether  from  the 
bottom  of  the  sea  or  on  the  shore,  have  operated  the 
same  effects  in  more  antient  times.  I  have  shown 
that  these  have  been  partial  as  well  as  general,  and 
that  they  have  also  l>een  of  different  i^es-  By  attti- 
huting  the  greatest  catastrophes  of  this  nature  to  The 
same  causes  as  the  smallest,  an  igneous  system  he^ 
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comes  rational  and  uniform ;  as  the  present  views 
give  the  strongest  support  to  that  one  which  has,  very 
ignorantly,  thought  proper  to  disclaim  it. 

Of  Earthquakes, 

It  yet  remains  to  examine  the  plicnomena  of  Earth- 
quakes ;  a  suhject  so  intimately  connected  with  the 
present,  in  all  its  circnmstuuces,  as  to  leave  no  douht 
of  their  being  eft'ects  of  a  common  cause.  Tlieorie* 
of  Earthquakes  are  as  antient  as  the  times  of  Anax- 
agoras,  and  are  as  numerous  as  the  singularity  and 
importance  of  the  phenomena  might  lead  u&  to  expect. 
It  is  unocccssury  to  revive  these  hypotheses ;  and? 
with  respect  to  the  only  one  requiring  notice,  the 
electrical  theory,  it  is  snHicient  to  say  that  it  is  as 
gratuitous  as  it  is  irreconcilcable  to  the  appearances. 

History  has  recorded  Earthquakes  from  all  times ; 
the  disappearance  of  mountains  and  islands,  new  lands 
produced,  lakes  and  rivers  lost,  cities  overwhelmed, 
and  evcu  their  vestiges  destroyed.  Of  the  most  noted 
in  nntient  history,  is  that  which  swallowed  up  twelve 
cities  of  Asia  Minor  in  one  night,  in  the  reign  of 
Tiberius,  with  those  which  took  place  in  the  reigns  of 
Gallienns,  of  Valcns  and  Valentinian,  and  of  Justinian. 
A  remarkable  one  occurred  in  modem  times  on  the 
coast  of  Puzzuoli  in  1538,  which  annihilated  the  lake 
Lucriuus,  destroyed  a  town,  and  raised  the  present 
Monte  Nuovo  to  the  height  of  eleven  hmadrcd  and 
tweuty-scven  feet,  in  1638,  the  earthquake  of  Cala- 
bria, described  by  Kircher,  swallowed  up  the  town 
£uphemia ;  and,  in  1692,  Jamaica  was  the  seat  of  one 
-which  destroyed  Port  Royal,  sinking  the  houses  thirty 
or  forty  fathoms  deep.  At  this  time  also,  nearly  all 
the  houses  in  the  island  were  thrown  down,  and  many 
ships  in  the  harbour  were  forced  on  shore.     ITic  great 


J 


376 


ON   VOLCANOES    A?1D    EARTHaUAICES. 


earthquake  of  Sicily,   in  1693,   destroyrd  fifty-four 
towns;  but  those  of  Italy  are  innumerable. 

The  earthquake  of  Lisbon,  in  1 755,  was  one  of  the 
most  extensive  In  its  effects  of  any  that  has   been 
described,    and   is,  on  that  account,  particularly  in- 
teresting.    It  was  felt  all  over  Portugal  and  Spain,  in 
Madeira,  and  in  sonic  paitft  of  Africa,  and,  in  a  slighter 
degree,  In  Sweden,  Italy,  France,  and  England.     The 
waters  of  wells  and  lakes  showed  the  disturbance  of 
the  earth,   in  many  places  where  the  tremor  was  not 
remarked ;  becoming  agitated,  turning  muddy,  over- 
flowing their  banks,  or  fluctuating  and  rising  in  pyra- 
midal waves.     Even  the  sea  was  thus  affected;  not 
only  on  the  shores  of  these  countries,   but  far  off  in 
the   ocean.      The    places  where    these    effects    were 
perceived,  were  Norway,  Sweden,  Germany,  Corsica, 
Switzerland,  Antigua,  Barbadoes,  and  Ireland;  mark- 
ing the  deep  seat,  as  well  as  the  wide  range  of  the 
[disturbance.     The  last  events  of  this  natnre  which  are 
there  worth  recording  are  those  continued  earthquakes 
[which  took  place  in  Calabria  between  1783  and  1786; 
involving  a  circle  of  seveuty-t%vo  miles  in  radius,  and 
producing  the  destruction  of  twenty  thousand  persons. 
In  these  catastrophes,  a  hundred  and  eighty-two  town* 
and  villages  were  demolished,  and  ninety-two  injured; 
Bud  the  circle  of  complete  destruction,  of  which  Oppido 
was  tlie  centre,  had  a  radius  of  twenty-two  miles. 

Earthquakes  are  most  frequent  and  complete  in 
volcanic  countries,  and  are  expected  whcu  volcanoes 
have  been  long  dormant ;  a  proof  of  the  community 
of  their  causes.  Tliey  are  generally  preceded  by 
\'ariou5  unusual  meteoric  plienomena,  by  a  peculiar 
state  of  the  atniosphere,  attended  with  uneomnion 
Rounds  resembling  thunder.  Wells  and  springs  are 
rendered  muddy,  or  dry  up,  or  become  more  abundant; 
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and  the  sea  swells  and  roars,  generally  undulating  in 
nn  unusual  manner,  even  without  wind.  During  the 
commotion,  the  shocks  arc  generally  nuinerotis,  suc- 
ceeding each  other  with  various  degrees  of  rapidity. 
The  earth  undulates,  heaving  and  ahernately  subsiding ; 
or,  in  slighter  cases,  is  merely  in  a  tremulous  state. 
In  violent  earthquakes,  it  opens ;  and,  in  these  fis- 
sures, which  are  often  of  great  size,  towns  and  animals 
arc  ingulfed.  The  fissures  Homctimcs  emit  smoke  and 
flume,  sometimes  water;  and  flame  and  smoke  are  also 
often  seen  to  issue  out  of  the  earth,  without  visible 
openings,  as  they  do  sometimes  out  of  the  sea  also. 
The  effect  of  the  shocks  on  the  water  is  remarkable; 
ships  sometimes  feeling  tlie  same  sensation  as  if  they 
had  struck  the  ground,  or  received  the  blow  of  a 
wave. 

The  proofs  of  the  connexion  between  earthquakes 
and  volcanoes  are  innumerable  ;  and  the  latter  indeed 
often  appear  to  give  vent  to  that  elastic  matter  which, 
being  pent  up,  is  the  cansc  of  the  motion  and  the 
tremors  of  the  earth.  An  earthquake  extending  to  a 
distance  of  fifty  miles,  accompanied  the  ernptiou  of 
flames  in  the  sea  of  Azof  which  attended  the  forma- 
tion of  an  island:  and  the  ejection  of  Salirina  off  the 
Azores,  was  also  marked  by  the  same  circnmstunce. 
Tlie  same  occurred  when  the  volcanic  islands  arose  out 
of  the  sea  on  the  coast  of  Iceland.  The  great  earth- 
quakes of  Sicily  and  Calabria  were  accompanied  by 
eruptions  of  the  Lipari  Isles ;  and  those  of  iEtna, 
Vesuvins,  and  other  volcanoes,  have  equally  been 
attended  by  earthquakes.  Tliose  of  Cumana  were 
connected  witli  similar  phcuoniena  in  the  West  Indies  ; 
and  are  supposed  to  have  been  dependent  on  the  erup- 
tions of  the  Andes,  The  earthquake  of  Quito  in  171)7 
was  marked   by  an  eruption  in  Guadaloupe ;  and  the 
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volcano  of  St.  Vincent  broke  out  during  the  great 
earthquake  that  destroyed  Caraccas  in  1812.  Innu- 
merable other  instances  of  the  same  conncxioofi  might 
be  produced ;  but  I  shall  only  add  to  these,  that,  oa 
the  night  in  which  Lima  and  Callao  were  destroyed, 
four  new  volcanoes  broke  oat  in  the  Andes.  The 
great  depth  at  which  the  causes  of  cartbqnnkcs  arc 
situated,  is  proved  by  all  these  phenomena,  as  well  as 
by  the  great  distance  to  wbicli  the  effects  of  the  Lisbon 
carthc|udkc,  and  of  others,  extended.  The  carth(|uakc 
of  Lima  was  felt  at  a  distance  of  four  huuiired  and  fifty 
leagues  at  sea. 

These  facts  comprise  all  which  it  is  necessary  to  say 
on  the  Theory  of  Karthquakcs ;  since  it  thus  rests  on 
the  same  foundation  as  that  of  volcanoes,  whatever 
this   may  be.     Yet  some  phenomena  of  ibis  natai-e 
vhich  have  occnrred,  arc  still  dilhcult  of  explanation  ; 
either  from  their  peculiar  nature,  or  from  their  being 
nnattendcd  by  eruptions  in  any  part  of  the  world. 
The  late  eartlu|uakc  in   the  Bast  fudics  overturned 
two  spots  of  ground  at  no  great  distance,   leaving  aB 
interval  of  absolute  rest  between  thcuj.     Small  shocks 
of  earthquakes  arc  also  not  unfrequent  in  roaiiy  places, 
CY'cn  in  Britain  ;  and  Loch  Earn  in  Scotland  has^  for 
many  years  past,  been  noted  for  tlie  frequent  recur- 
rence of  these  commotions.      Whatever  their  ditfe- 
renccs  may  arise  from,  or  wherever  these  efiects  may 
take  place^   it  is  probable  that  the  same  general  cause 
applii^s  to  ail,  and  that  this  solid  earth  on  which  we 
tread  is  only  the  surface  of  an  abyss,  in  which  exten- 
sive operations,  unknown  to  as  but  by  these  their 
'effects,  arc  in  a  state  of  constant  action ;  ready  at  any 
time  to  prodncc   the  most    tremendous   revolutions, 
from  accessary  causes  with  the  nature  of  which  we  are 
equally  unacquaiuted. 


CHAP.  XIX. 


On  Mineral  Veins. 


[In  a  practical  view,  iliia  is  oac  of  the  most  important 
tiibjects    ill    geology,    yt't,    tliough    long  studied    by 
'•ninefs  and  geologists  both,  nothing  is  less  nnderstood. 
''3Vo  general  practical  rules  have  been  established,  as  to 
the  districts  or  rocks  in  which  they  should  occur,  the 
itsourses  they  may  hold,  the  forms  and  accidents  they 
fniay  display,  or    the    substances   they  may  contain, 
md  as  little  have  we  been  able  to  form  any  theory 
respecting  their  origin  and  the  mode  of  their  pro- 
duction. 

Mineral  veins  may  exist  without  metallic  sub- 
stances, and  many  minerals  are  occasionally  found  in 
jpositories  which  cannot  be  called  veins.  Metallic 
lineraU  thus  occur  in  the  compound  rocks,  so  aa  to 
form  parts  of  their  composition.  Thus  oxydiilons 
)n  is  found  in  granite,  gneiss,  sandstone,  and  trap, 
lolybdcna  in  gneiss,  and  iron  pyrites  in  micaceous 
Sbist,  slate,  shale,  and  limestone.  They  sometimes 
iso  occtir  independently ;  neither  forming  part  of 
the  composition  of  rocks,  nor  included  in  distinct  rc- 
joaitories.  In  this  way,  p)Titcs  is  found  in  many 
sitnations,  copper  in  the  trap  rocks,  and  oxydulons 
iron  in  volcanic  ones.  Some  of  these,  also,  are  occa- 
sionally accunmlated  in  snch  quantities  iu  partieidar 
spots  as  to  be  wrought  for  use ;  and  tlius  Cobalt  and 
lloppcr  occur  iu  sandstone.  Iron,  in  the  form  of  iron 
Stone  and  bog  ore,  forms  beds;  the  first  among  the 
kxoa!  strata,  and  the  latter  in  allnvial  soils.  Thus  also, 
tin  and  gold  are  found  among  these,  and  the  hitter  in 
great  abundance;  but,  iu  the  two  last  cases,  the  on^% 
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of  the  metals  is  in  distant  veins.  Manganese  also 
occurs  in  the  form  of  beds,  as  iias  been  said  to  happen 
with  repeat  to  mercury,  copper,  lead,  and  silver ;  but 
it  must  be  remembered  that  veins  holding  a  course 
parallel  to  the  inclnding  strata,  have  sometimes  been 
mistaken  for  beds.  J  suppress  the  provincial  terras, 
flat  veins  and  rake  veins,  as  I  have  avoided  those  on 
all  other  occasions,  since  no  useful  information  is 
communicated  by  this  practice,  which  also  incumbers 
geology  still  further  with  terms,  and  corrnpts  the  En- 
glish tongue.  To  shroud  in  the  mystic  phraseology  of 
an  artj  that  which  can  be  expressed  in  ordinary  lan- 
guage, is  the  result  of  a  poor  ambition,  or  a  proof  of 
the  superiority  of  the  memory  to  the  understanding. 

O/'  the  FormSf  Positions,  and  Relations  of  A^fmeral 

Veins. 

Mineral,  like  rock  veins,  intersect  the  strata  at  all 
angles,  and  are  also  occasionally  parallel  to  them 
throughout  more  or  less  of  their  courses.  They 
imply  a  discontinuity  of  the  rocks  through  which  they 
pass,  being  composed  of  matter  which  has  entered 
into  the  fissures  formerly  described  in  treating  of  the 
positions  of  strata ;  and  hence  they  are  occasionally 
accompanied  by  dislocations  of  the  including  strata. 
As  they  may  hold  any  direction  with  regard  to  those, 
so  they  may  be  placed  in  any  position  towards  the 
horizon  ;  though,  from  a  mere  comparison  of  chances, 
it  \%  plain  that  they  must  be  fur  more  frequently 
inclined  than  vertical.  Hence  miners  distinguish 
between  the  upper  and  under  sides  of  a  vein.  When 
mineral  veins  occur  in  considerable  numbers  in  any 
tract  of  countiy,  they  maintain  a  sort  of  general  paral- 
lelism ;  as  if  all  the  fissures  to  which  they  owe  their 
origin  had  been  formed  at  the  same  time  by  bome 


common  cause,  or  bad  been  produced  by  tbc  repe- 
tition of  similtur  actions.  Tbis  also  is  sometimes  tbe 
case  where  more  thitii  one  set  of  veins  exists,  and 
where  the  posteriority  of  the  one  class  is  proved  by 
their  intersecting  tbe  otlier,  as  in  Cornwall,  where  the 
more  antient  veins  are  directed,  in  a  general  sense, 
from  east  to  west,  and  the  more  recent  from  north  to 
south. 

Their  longitudinal  extent  must  evidently  be  limited, 
but  is  often  considerable.  They  have  been  traced  for 
two,  and  even  three  miles,  in  Cornwall;  antl  it  is  said 
that  one  vein  in  Soutli  America  has  been  ascertained 
to  extend  for  eighty  miles.  But  such  olwervations  as 
this  excite  distrnst,  when  we  advert  to  tbc  corapai-ative 
length  and  breadth  of  hucIi  a  supposed  continuous 
fissure,  and  to  all  the  circumstances  under  which 
these  must  have  been  formed.  Inaccnracy  and  hypo- 
thesis unite  to  produce  such  assertions. 

The  breadth  of  veins  is  extremely  uncertain,  varying 
from  less  than  an  inch  to  many  yards.  Jt  is  believed, 
by  some,  that  their  depth  is  indefinite :  it  is  at  least 
said  that  this  has  never  been  reached  by  miners.  If 
that  were  even  true,  it  wonld  not  prove  the  truth  of  an 
opinion  so  improbable,  when  we  consider  the  circum- 
stances under  which  fissures  must  have  been  formed. 
When  the  separated  or  dislocated  strata  preserve  an 
accurate  parallelism,  the  same  i-elalive  disposition 
must  exist  between  the  opposite  sides  of  the  vein; 
and  we  might  thus  imagine  it  interminable.  But  if 
these  have  lost  their  parallelism  after  separation,  it  is 
evident  that  under  one  modification  of  this,  they  must 
come  into  contact  in  some  part  of  the  series,  and  that 
the  vein  will  therefore  disappear.  This  reasoning 
takes  only  a  simple  view  of  the  consequences  resulting 
from  the  appearances;  but  if  it  should  be  admitted 
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that  the  matcrtals  of  vciiia  were  ejected  froiu  the 
depths  of  the  earth,  then  indeed  they  may  be  indefi- 
nite, or  at  \vast,  incapable  of  definition,  in  their  down- 
ward progress.     But  this  is  speculative  matter. 

The  absolute  antiquity  of  veins  cauuot  be  con- 
jectured; but  there  are  two  modes  of  judging  of  their 
ages,  within  certain  limits.  It  is  evident  that  they 
are  all  posterior  to  the  induration  of  the  strata,  as  they 
imply  fructure  of  tliene  :  and  should  veins  he  found  in 
the  primaiy  strata,  nut  also  existing  in  the  5ccondary> 
they  iimst  be  of  an  earlier  origin  than  the  deposition 
of  the  latter.  The  veins  of  Cornwall  arc,  prohahly, 
anterior  to  the  foruiation  of  the  KngUsh  secondary 
rocks,  because  they  do  not  occur  in  the  secondary 
di9trictc.;  hut  to  render  the  proof  of  this  complete,  wc 
ought  to  produce  secondary  strata  unbroken  above 
these  veins,  or  discover  them  after  removing  these, 
llius  also,  if  the  lead  veins  of  Derbyshire  arc  really 
confined  to  the  secondary  strata,  they  are  of  more 
recent  date  than  the  last  changes  in  the  primary  rocks 
which  caused  the  fissures.  A  dificrcucc  of  age  in 
veins  is,  however,  proved  where  two  co-exist,  and 
where  tlie  one  intersects  the  other.  This  circumstance 
is  not  uncommon  on  an  extensive  scale.  In  Cornwall, 
most,  if  not  all  of  the  easterly  veins  are  intersected  by 
the  northerly;  the  former  being  ractiJliferous,  aud  the 
latter  wanting  in  metals.  These  intersections  are 
attended  by  circumstances  as  interesting  to  geohigy 
as  they  arc  impoitant  in  the  art  of  mining,  in  which 
they  are  often  the  source  of  much  la)}Our  and  cxpcu&c. 

As  the  first  class  of  veins  is  frequently  attended  by 
dislocations  of  strata,  so  is  the  second;  and,  with  the 
consequence  of  dislocating  tlic  former  set.  Thus  the 
fftert  of  a  second  vein  is  to  produce  a  shift  in  the  first, 
often  attended  by  peculiar  circumstances  in  the  stale 
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aiid  nature  of  its  contents.  The  extent  of  such  dis- 
klocatious  ill  veius  is  Viiriable;  as  might  be  inferred 
from  the  motions  of  the  disrupted  strata,  in  which 
rtliey  necessarily  partake.  These  form  an  object  of 
tlie  highest  interest  to  the  miner;  luid  it  is  through 
previous  judgments  respecting  them,  that  he  is  taught 
where  to  seek  for  the  continuation  of  that  whirh  he 
has  lost.  Experience  in  a  given  country  ofteu  forms 
u  guide  for  these ;  bat  rules  so  deduced  cannot  be  ex- 
tended to  other  countries,  or  to  remote  places.  To 
determine  whether  the  motion  of  one  part  of  an  in- 
clined vein  is  to  be  termed  an  clex'ation  or  a  depres- 
sion, it  is  necessary  to  take  the  point  uf  departure 
from  the  surface,  as  in  the  case  of  dislocated  strata. 
When  a  vertical  vein  is  shifted,  it  is  evident  that  the 
adjacent  rocks  must  all  have  been  moved,  by  the  same 
quantity,  in  a  horizontal  direction;  an  event,  as  for- 
merly remarked,  not  favourable  to  the  theory  which 
supposes  the  fractures  of  strata  to  be  the  effect  of 
subsidence.  The  last  circumstance  relating  to  the 
forme  of  veins,  is  tlicir  ramification.  They  are  oc- 
casionally separated,  and  again  reunited;  certain  tech- 
nical terms  being,  in  mining  countries,  applied  to 
the  intermediate  mass.  In  other  cases,  they  send  out 
Blender  ramifications ;  and  sometimes  they  are  found 
to  ramify  at  once  into  many  small  branches. 

■il  have  separated  from  that  which  is  matter  of  jus- 
tiBable  inference  respecting  the  ages  of  veins,  what 
can  only  be  considered  as  an  hypothesis,  neither  in- 
telligible nor  useful.  It  has  been  said,  by  that  school 
which  has  so  long  obstructed  the  progress  of  Geology, 
that  there  are  epochas  in  metallic  veins,  or  that  the 
metals  themselves  are  of  different  ages.  Thus  it  is 
said  that  Tin  is  among  the  oldest  metals  because  it  is 
found  in  granite,  and  that  lead  is  among  the  newest 
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hcctiuse  it  uccurs  in  secondary  limestone.  I  need  not 
ciiunierutc  all  the  purticulars  contained  iu  this  un- 
founded assertion;  while  a  few  simple  facts  will  anni- 
hilate the  whole  system.  Cobalt  occurs  in  j;ranite, 
in  many  of  the  primary  schista,  and  in  the  secondary 
Bandstoncs.  Copper  has  been  foand  throughont  the 
whole  system,  from  granite  up  to  Trap,  inclusive. 
Lead  is  found  alike  in  the  primary  and  secondary 
strftta,  and  Iron  is  universal.  This  Hhort  list  of  ex- 
ceptions already  ovei-whelms  the  rule.  If,  again,  the 
nature,  or  imagined  age  of  the  rock  which  is  traversed 
by  a  vein  is  to  be  made  the  criterion  of  the  age  of  t!ie 
latter,  or  of  the  included  minerals,  it  must  be  remem- 
bered that  a  vein  must  traverse  every  rock  that  was 
in  existence  at  the  time  of  its  formation.  The  vein 
that  intersects  the  granite,  intersects  the  snperincxim- 
bent  strata  also;  and  tin,  copper,  or  lead,  as  it  may 
happen,  will  occur  in  every  part  of  it.  It  may  have 
required  uncounted  centuries  to  form  all  the  strata, 
but  the  vein  is,  comparatively,  the  work  of  a  motnent. 
To  attempt  to  classify  metallic  veins  according  to 
certain  imaginary  dates  of  formation^  is  lo  make 
systems  which,  except  at  Freyberg,  philosophy  dis- 
claims. If  there  were  a  hundred,  instead  of  ten  or 
sixteen  "  lead-glance  /onnatitms"  we  must  he  content 
to  remain  ignorant  of  the  ages  of  all  that  we  can- 
not prove  by  the  uncontrovertible  niarks  already 
indicated. 

There  is  not  one  circumstance  in  the  history  of 
veins,  whether  wc  regard  their  forms,  positions,  scats, 
origins,  or  the  nature  and  disposition  of  the  minerals 
they  contain,  which  can  entitle  us  to  conclude  that 
they  possess  a  resemblance  or  analogy  throughout 
the  world,  that  they  are  of  definite  and  definable 
ages,  or  that  they  arc  in  any  sense  of  the  word,  general 
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ttr  universal.     Vet  this  doctrine  is  &uppnrto<I  by  geo- 
logists who  imai,Mnc  that  the  mine:^  of  New  Spain  are 
['ttimilar  to  those  of  Hunt^ry  and  Saxony.     That  Patrin, 
j'Arho  imagined  the  earth  organized  and  endowed  with 
'R  vital  principle,  should  protract  a  zone  of  copper, 
silver,  and  lead,  from  England  throngh  Europe,  Asia* 
.and  Ajncrica,  is  consistenr. 

Of  the  Seatx  and  tkc  Contents  of  Mineral 
Vems. 

The  nature  of  the  rocks  iu  which  mineral  veins 
'are  found,  is  au  obviuus  object  of  inquiry,  but  it  can- 
uot  he  converted  to  auy  useful  purposes.  They  may 
lUc  said  rather  to  belong  to  countries  than  to  rocks; 
since,  in  one,  that  substance  may  be  highly  productive 
of  veins  and  metals,  which^  in  another,  is  deficient  and 
barren,  'lliey  are,  hon'cver,  most  abundant  in  the 
primary  or  antient  rocks,  and  arc  also  more  common 
in  gneiss,  micaceous  schist,  and  argillaceous  schist, 
than  in  granite  or  in  the  older  porphyries.  In  the 
SAcondary,  or  recent  strata,  they  occur  chiefly  in  the 
lowent,  as  in  tlie  mountain  limestone,  and  are  scarcely 
found  in  the  upper  strata,  or  above  coal.  In  the  same 
manner  they  are  rare  in  the  later  trap  rocks ;  but  if 
Hac(|uet's  observations  are  correct,  they  occur  at 
lagyag,  cither  in  these,  or  in  antient  volcanic 
rocks. 

In  the  primary  rocks,  they  lure  sometimes  found  at 
the  junctions  of  granite  with  the  strata,  as  happens  iu 
Cornwall  and  at  Stronlian.  But  no  practical  advan- 
tages accrue  from  any  thing  yet  known  on  this  subject; 
unless  under  experience  acquired  in  particular  dis- 
tricts. The  liinitatioD  of  Tin  to  Cornwall  and  a  few- 
other  apots,  and  its  exclusion  from  countries  .fornu^d 
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of  the  snme  materials,  the  barirnness  of  gneiss 
Scotland,  compared  with  its  fertility  in  Saxony,  may 
be  added  to  u  thousimd  other  instances,  to  prove  that 
•we  must  be  content  to  possess  mines  wherever  they 
are  found,  witliont  wasting  our  means  where  we  ha^-e 
no  evidences  of  their  existence.  That  much  false 
philosophy  should  have  been  adopted  on  the  sahject 
of  mines,  is  a  natural  oonsef|nence  of  that  pcr\*ersion 
of  judgment  winch  so  often  attends  tlie  pursuit  of 
wealth,  and  is  produced  by  examples  of  its  sudden 
acquisition. 

The  contents  of  mineral  veins  are  various;  and 
though  the  metals  form  the  most  valuable  of  those, 
they  bear  a  very  tmall  proportion  to  the  rest.  No 
general  rules  respecting  these  contents  can  be  given, 
as  they  vary  in  almost  every  country,  in  every  vein,  ^ 
and  often,  in  every  part  of  a  vein.  It  is  common,  , 
"however,  to  find  that  the  sides  next  to  the  including 
rocks  are  formed  of  earthy  matters;  sometimes  of 
clay,  at  others  of  quartz,  and,  not  nnfrequently,  of 
frag;ments  of  the  including  rocks,  united  by  crystalline 
and  earthy  substances;  while  the  rock  is  generally 
decomposed  and  altered  at  its  junction  with  the  vein, 
as  detached  fragments  of  it  are  sometimes  also  in- 
cluded within  that.  This  occurrence  has  sometimes 
presented  an  interesting  variation,  where  a  vein  traver- 
sing schist  and  granite  together,  has  contained  frag- 
ments of  the  former  within  the  space  bounded  by  the 
latter,  and  the  reverse.  Tliis  fact  seems  to  prove 
revolutions  of  a  mechanical  nature  in  the  vein,  either 
at  the  time,  or  after  the  period,  of  its  formation. 

I  oeed  not  enumerate  alt  the  earthy  minerals  which 
have  been  found  in  veins,  but  the  most  common  ate 
quartz,  calcareous  spar,  barvtes  and  fluor.  TTiev, 
like  the  metallic  substauees,   occur  in  diflereni  parts 
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of  the  vi'iii,  and  are  crystallised  uherevcr  cavities  are 
present.  The  metalUo  minerals  are  variously  di»- 
pTifted ;  sometimes  lining  similar  cavities,  in  their  cry- 
stalliiiu  furms,  at  others,  collected  into  deposits  in 
'different  parts  of  the  vein;  and,  at  others  again,  more 
l^nerally  diflfused  auion^  tlie  mass  of  materials.  In 
some  instances,  only  one  metal  is  fonnd  in  a  vein, 
ill  others,  two  or  more;  and  these  are  sometimes 
distinctly  separated,  at  utliers  intinately  mixed,  so 
as  to  be  a  source  of  much  trouble  to  the  miner. 
Occasionally,  the  minerals,  whether  metallic  or 
earthy,  are  arranged  in  layers  parallel  to  the  sides  of 
the  vein;  and,  in  tiOine  of  these  instances,  there  is 
further,  a  perfect  correspondence  on  the  opposite 
sides.  Such  also  is  the  capricious  disposition  of  the 
metals,  that  they  sometimes  disappear  altogether,  after 
having  abounded  tlirough  a  large  space;  so  that  it 
becomes  necessary  to  abandon  a  mine  which  had  oucc 
proved  profitable.  It  is  from  these  perpetual  vaiia- 
tions  in  the  contents  of  mineral  veins,  that  the  cha- 
racters of  particular  mines  are  subject  to  such  impor- 
tant alterations,  and  that  chance,  in  the  ordinary  ac- 
ceptation of  tlic  term,  IjafHes  all  the  calculations  of 
the  miner.  Yet  rules  are  still  to  be  found  in  every 
mining  country,  of  occasional  value  in  practice,  but 
always  local;  while  they  ofl'er  no  facts  on  which  a 
philosophical  geologist  can  safely  reason. 

The  intersections  of  veins  sometimes  produce  variqr 
tions  in  the  nature  and  dis])Osition  of  their  metallic 
contents;  bnt  these,  like  most  other  rules,  are  of  a 
local  nature.  It  is  also  said  that  masses  of  ore  are 
found  at  the  intersections  of  more  recent  veins,  and 
that  intersecting  veins  of  different  periodK,  neces- 
sarily differ  in  the  nature  of  tin-  metals  whidi  thcjr 
afford;  that  under  peculiar  modes  of  crossi^^t  ttiCf 
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tiecome  more  productive,  under  others  less,  and  that, 
after  the  intersection  of  a  more  recent  vein,  the  me- 
tallic produce  of  the  antient  one  disappears,  'llie 
vaUie  of  such  reninrks  is  not  very  iutellig^iblc,  and  the 
same  proposition  is  often  both  true  and  faUe  ut  the 
same  time.  Like  many  other  conclusions  of  a  si- 
milar nature,  tlieir  chief  value  consists  in  warninf^  us 
not  to  rely  on  observations  guided  by  no  principles. 

There  is  one  obser\'aiion,  however,  respecting  the 
variation  of  the  contents  of  nictalliferons  veins,  which 
is  of  importance  towards  a  rational  theory  of  them; 
if  indeed  it  >)honld  prove  to  I)e  really  founded  on  facts 
sufficiently  extensive.  It  is  said  that  in  all  countries 
where  veins  traverse  strata  of  diflerent  natures,  their 
metallic  contents  vary  with  some  relation  to  these; 
and  that,  in  the  same  vein,  the  vicinity  of  some  strata 
renders  the  vein  more  prodnctivc  than  that  of  others. 
But  the  facts  are  neither  very  numerous  nor  very 
definite:  it  remains  to  be  proved  whether  they  arc 
not  swallowed  up  by  a  mass  of  exceptions.  It  is  said, 
that  in  a  vein  in  Cornwall,  passing  through  schist  and 
granite,  the  copper  is  found  in  the  former  and  the  tin 
in  the  latter  portion;  that  similar  veins  are  poor  in 
the  schist  and  rich  in  the  granite;  that  veins  are  most 
productive  at  the  junction  of  the  schist  and  granite 
not  only  in  that  district  bnt  iu  Silesia  and  elsewhere. 
There  is  not  one  example  of  this  nature  to  which 
there  are  not  exceptions  many  times  exceeding  them, 
for  which  the  reports  of  the  same  observers  may  be 
consulted. 

But  it  is  fruitless  to  record  all  the  observations 
which  have  been  made  on  these  subjects;  since  the 
conclusion  would  be  to  draw,  as  might  eqnally  be 
done  without  them,  no  conclusions.  Whether,  as  to 
the  influence  of  strata  over  tlie  contents  of  veins,  any 
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exception  ought  to  be  made  in  favour  of  Derbyshire, 
it  is  fruitles  to  ask,  tit)  miuers  have  learned  to  obserx'e 
more  accarately,  and  geologists,  discarding  their  sy- 
stems, shall  seriously  turn  their  attention  to  a  branch  of 
the  science  which  is  most  particularly  its  opprobrium. 

Of  the  Theopif  of  Mineral  Feim. 

On  such  a  foundation  it  has  been  attempted  to  build 
theories  of  mineral  veins;  and,  as  usnal  in  similar 
cases  where  the  love  of  irath  has  no  weight  against 
temper  and  vanity,  the  opposing  opinions  have  been 
maintained  with  a  vehemence  propoitioned  to  the 
want  of  evidence.  Philosophy  would  slirink  into  a 
small  bulk  indeed,  were  Truth  its  object.  In  stating 
these  hypotheses  for  the  purpose  of  inquiring  into 
the  probability  of  cither,  I  must  premise  that  the 
only  important  question  at  issue,  concerns  the  manner 
in  which  the  contents  of  the  veins  were  formed  and 
introduced. 

It  is  said,  on  one  hand,  that  the  materials  of  veins 
have  been  deposited  from  the  same  universal  solution 
whence  the  rocks  were  formed.  But  there  arc  two 
modifications  of  this  aqueous  theory.  Wliile  the 
rocks  were  in  the  act  of  being  precipitated,  the  veins 
were  undergoing  the  same  process;  and  hence  they 
are  of  different  ages,  corresponding  to  those  of  the 
strata  in  which  they  lie.  How  such  an  operation  was 
efiectcd  is  not  explained ;  bnt  such  was  of  the  wor- 
shipped geology  and  chemistry  of  that  Germany  which 
founded  geological  science ;  founding  it  on  as  solid  a 
basis  in  all  else.  In  the  other  modification,  the  fissures 
were  formed  in  the  rocks  by  drying,  and  the  minerals 
were  precipitated  in  them  after  the  deposition  of  the 
rocky  materials.  He  who  can  measure  the  relative 
iuiposaibility  of  two  impos&ibles,  mav  take  hts  choice* 


When  jjt'ologry  shall  Imvt*  forgotten  all  ihat  Freyberg 
taught,  it  will  have  a  cletir  field. 

But  if  there  chii  be  uuc  iimii  re<|uiriiig^  another 
answer,  the  prcc-ipitntion  of  rocks  rrom  solution 
in  water  is  at  variance  with  the  laws  of  Chemistry, 
and  the  objection  would  still  be  fatal,  though  the 
rocks  bad  l)eeu  produced  in  some  other  manner,  and 
the  production  of  veins  ahjue  was  thus  to  be  ex- 
plained. Even  if  tlif  power  of  this  iniuj^iiied  solvent 
were  grantt*d  as  to  their  materials,  it  must  be  proved 
why  the  minerals  of  veiua  were  not  deposited  every 
where  alike,  why  they  were  not  deposited  in  strata, 
why  they  were  directed  exchisivcly  to  fissures,  why  to 
a  few  of  these  in  distant  and  select  places,  and  why 
limited  also  to  paitial  spots  in  the  same  vein. 

If  these  objections  are  unanswerable,  the  few  ar- 
guments from  facts  adduced  in  support  of  it,  will 
require  very  little  discussion.  If  many  of  the  Bub- 
stances  found  in  veins  are  the  produce  of  watery  so- 
lution, there  are  many  others  which,  as  far  as  we  yet 
know,  cannot  be  prodnred  in  this  manners  as  1  shall 
hereafter  show.  It  has  been  ju-gucd  that  the  minerals 
of  veins  arc  deposited  in  layers  parallel  to  their  sides, 
precisely  as  ought  to  have  happened  on  this  hypo- 
thesis. In  the  first  place,  the  fact  is  not  so,  except 
occasionally;  as  they  arc  fref|urntly  congi-egaled  in 
irregular  lumps,  or  dispersed  among  the  other  mate- 
rials, or  wanting  for  considerable  spaces,  or  found 
lining  the  insidea  of  cavities.  Neither  of  these  things 
should  occur,  according  to  the  hypothesis  :  and  espe- 
cially, there  could  be  no  cavities  on  such  a  system  of 
deposition  from  above,  and  the  layers  of  minerals 
ought  rather  to  be  parallel  to  the  horizon  than  to  the 
walls  of  the  vein.  I'he  argument  derived  from  the 
presence  of  rounded  materials  in  vcin^*  is  worthless, 
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because  the  fact  itself  U  extremely  rare.  It  is  mi  ex- 
ception instead  of  a  rule,  and  may  be  admitted  without 
involving  the  whole  hypothesis. 

Since  there  must  be  an  igneous  theory  to  oppose  an 
aqueous  one,  in  every  thing,  the  other  hypothesis 
uiniutains  that  the  contents  of  mineral  veins  were  in- 
jected from  below  as  granite  and  trap  have  been.  The 
arguments  for  it  rest  partly  on  this  very  analogy, 
partly  on  real  or  imaginary  chemical  facts  relating  to 
the  production  of  minerals  by  fusion,  partly  on  some 
mechanical  appearances,  and  partly  on  the  principle  of 
dilemma.  If  it  be  really  a  case  of  dilemma,  the  one 
horn  appears  as  fatal  as  the  other,  and  there  can  be  no 
tlitKiry  of  mineral  veins. 

The  argument  from  the  analogy  of  trap  and  granite 
veins  is  one  of  those  superficial  resemblances,  consist- 
ing in  words  rather  than  ideas,    which  it  is  painful  to 
find  in  the  writings  of  those  who  have  been  philo- 
suphei-s  in  otlicr  things.     It  may  be  conceded  that  the 
fissures  have  been  produced  by  the  siime  subterranean 
changes  which  have  displaced  the  strata ;  yet  this  ad- 
mission does  not  involve  n  concession  as  to  the  rest  of 
the  hypothesis.     The  presence  of  fragments  of  the 
including  rocks  in  the  veins,  which  lias  also  been  used 
as  an  argument,    is  a  fact  of   no  fnrther  value:    it 
proves  the  forcible  displacement  and  fracture  of  the 
strata,  but  nothing  more.     And  this  hypothesis  has 
forgotten,  that,  if  the  contents  of  these  veins  had  been 
injected  in  a  state  of  fusion,  the  fragments  so  often 
found  in  them  sbonid  not  have  escaped  this  process. 
I  will  not  say,  as  has  been  objected,  that  clay  could 
not  have  existed  in  them  on  this  principle ;  because 
the  infiltration  of  water  may  decompose  portions  of 
the  veins,  just  as  deep  seated  rocks  are  converted  into 
clay.    Aa  to  the  chemical  arguments  derived  from  the 
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iDsolubilitv  of  tiiHtiv  nf  the  contents  of  mineral  veins 
ill  water,  and  their  produrtion  From  fusion,  they  arc 
founded  on  icnorance  of  Chemistry;  as  it  is  easy  to 
show  that  many  of  them  arc  certainly  produced  from 
solution,  tJmt  others  may  have  been  jfencratcd  in  this 
way,  and  tliat  some  of  them  could  not  have  been  con- 
!iolidated  from  fusion.  I  shall  reserve  these  parti' 
culars  for  the  cimI  of  this  chapter,  when  the  several  rai- 
neral-s  producible  in  cither  mode  will  be  enumerated. 

Whatever  objections  may  be  made  to  the  aqucou» 
hypothesis,  from  the  dispoiiittons  of  the  minerals  in 
ll»e  veins,  they  arc  at  least  er|nally  valid  again'st  tin* 
igneous  oik.  It  is  impo^Rihle  to  comprehend  how 
these  several  peculiarities  could  have  been  produced 
from  a  state  of  igneous  fluidity,  any  more  than  Jrom 
a  state  of  solution,  it  has  also  been  said  by  the  8nj>- 
purters  of  this  hypothesis,  of  whom  the  ostensible  one 
is  well  known,  that  the  absence  of  the  solvent  from 
the  veins  is  a  proof  that  their  contents  were  not  de- 
posited from  water.  It  has  commonly  l>een  supposed 
a  necessary  preliminary  to  correct  reasoning,  to  possess 
knowledge.  Geology  has  seemed  to  be  exclusively 
privileged  to  dispense  with  it,  and  thcucc  has  it  been 
what  it  is.  Calcarcons  stalactites,  traveriinos,  veins, 
ijuartz  veins,  chalcedonies,  amygdaloidul  nodules,  sire 
deposits  from  solution,  and  the  water  is  ef|nally  absent. 
If  this  is  meant  to  be  un  argument  from  dilemma,  the 
first  step  is  to  establish  the  necessity  of  the  alternative. 

Another  groundless  chemical  argument  has  been 
derived  from  the  mutual  iniprcssiun  cif  co-existcnt 
crystals  in  the  veins.  This  is  founded  on  the  nature 
of  granite  and  otlier  rocks,  crystallized  from  fusion ; 
but  it  is  the  misapplication  of  a  fact,  through  similar 
ignorance,  cfjually  evinced  in  attempting  to  explain 
the  uodulcs  of  the  aniygdaloids.     I  have  proved  cUo 
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uiherp,  that  the  mntual  iniprcssion  of  (|UHrU,  chulee- 
dony»  and  calcareous  spar,  occurs  in  these,  from  sue- 
resstve  infiltration  and  rrystiiUization  ;  and,  according 
to  the  order  in  which  these  suhstances  arc  dcposite*!, 
either  may  iinprees  the  other.  Tlius  might  any 
number  of  minerals,  admitted  at  distinct  intervals  into 
cavities,  present  the  same  appearances  5  and  even  in 
modes  mueli  more  complicated  than  from  any  simul- 
tancons  crystallization  iu  an  uniform  fluid  of  fusion. 
And,  iu  reality,  though  the  inconceivable  cliemical 
agencies  required  to  separate  all  the  minerals  of  a 
componnd  rock  from  solntion  in  water,  have  heen 
made  almost  a  subject  of  ridicule  against  llie  sup- 
porters of  aqueous  theories  of  rocks,  that  is  much 
better  deser\'ed  by  those  who  would  crystallize  all  the 
variety  of  earthy  and  metallic  minerals  found  together 
in  veins,  from  an  nniform  fluid  of  fiision,  as  the  che* 
mist  who  is  acquainted  with  a  mineml  vein  well  known. 
It  is  hard  that  even  the  chemistry  of  Geology,  where 
the  better  portion  of  Geology  is  Chemistry,  should 
have  been  settled  by  those  who  knew  nothing  of 
that  science.  But  such  has  been  the  fate  of  this 
nnlucky  branch  of  Natural  history,  in  every  thing. 

Some  further  arguments,  as  much  mechanical  as 
chemical,  have  also  been  adduced  in  favour  nf  the 
igneous  hypothesis.  It  has  been  said,  as  an  argument 
from  dilemma,  that  on  the  aqueous  theory,  no  close 
veins,  or  deposits  of  minerals  surrounded  on  all  sides 
by  rock,  could  exist.  But  it  is  obvious  that  these  are 
equally  impossible  on  the  other  view  of  a  cause- 
Where  there  h  no  access  for  a  watery  solution 
there  is  none  for  an  igneous  flnid.  The  inventors  of 
"  igneous  secretion,"  applied  here,  as  to  the  nodules  of 
trap,  ought  really  Ut  explain  a  new  process  in  <'Iic- 
mibtry;  they  have  been  fortunate  that  their  opponents 
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(lid  not  pusses^  cUcmistry  cnoDgli  to  retort  the  ridicule 
which  they  huve  not  themselves  spared.  If  mineral 
veins  have,  in  any  case,  been  filled  by  secretion  from 
(he  including  rocks,  there  can  be  no  choice  between 
a  process  which  is  proved  to  exist,  and  cue  wliich  is 
uiiintelhgible. 

It  has  also  been  said  that  the  solidity,  or  fnlneas, 
of  iniiieial  veins  could  have  happened  only  from 
igneous  injection ;  as  the  a1)straction  of  the  water 
after  deposition,  mnst  have  left  cavities  or  vacuities 
of  sonic  kind.  With  no  small  want  of  reflection,  it 
has  further  been  asserted,  that  cavities  could  have 
been  formed  in  them  only  on  the  igneous  hypothesis, 
from  the  disengagement  of  clastic  fluids.  These,  it  is 
plain,  arc  the  conflicting  statements  of  foi^tfulness. 
The  fart,  such  as  it  is,  is  quite  as  explicable  on  the 
one  hypothesis  as  on  the  other,  and  is  alike  worthless 
to  both;  while  the  tvaiit  of  marks  of  gradual  and 
regular  deposition,  is  a  negative  which,  if  it  proves 
one  hypothesis  to  be  wrong^,  does  not  render  the  other 
right.  Such  are  the  objections  to  an  hypothesis  which, 
however  it  might  be  deemed  a  necessary  part  of  the 
general  theory  to  which  it  belougs,  does  not  involve 
the  igneous  origin  of  granite  and  trap,  nor  the  eleva- 
tion of  the  strata  through  heat.  It  has  been  the  error 
of  this,  as  of  all  other  hypotheses,  on  all  subjects,  and 
at  all  times,  to  force  all  things  into  conformity  to 
itself,  without  regard  to  facts,  and  without  considering 
what  was  to  be  the  gain.  1  should  have  considered 
this  discussion  as  a  mere  waste  of  words  had  it  not 
been  for  the  strength  of  assertion  which  has  been 
brought  into  this  qacstion  on  opposite  sides ;  and  if 
it  proves  nothing,  it  must  be  recollected  that  to  show 
the  existence  of  falsehood  in  these  cases,  is  the  6rst 
sifjp  towards  truth. 
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Of  the  I^fmerah  lohick  are,    respeclivelif,  produced 
from  Sottttion  and  from  the  Action  of  Fire. 

It  remains  to  exaiuinti  by  chemical  and  iiiinera- 
logicol  fxperience,  how  far  any  of  the  substuiices 
found  iu  niintTul  veins  are  the  produce  of  crystalliza- 
tion from  watery  solutions,  and  in  what  cases  tliey 
are  cryslalhzed  from  a  st;ite  of  igneous  dniclity,  or 
from  stibliniation.  If  our  inforniution  is  still  incom- 
plete, a  general  view  will  l)c  suihcieut  for  the  present 
purpose.  The  facts  themselves,  as  they  regard  the 
two  theories  which  have  been  examined,  are  singu- 
larly conflicting  ;  tliough  as  far  us  they  ofter  argu- 
ments for  either,  the  balance  is  palpably  in  favour  of 
an  aqneous  one,  under  some  form,  but  not  that  of 
Frcyberg.  It  is  evident  that  these  are  the  facts  on 
which  any  future  hypotlu'sis  must  chiefly  rest ;  what- 
ever further  considerations  may  be  retpiired  for  ex- 
plaining the  various  other  circumstances  wbicli  attend 
mineral  veins. 

In  infiuiring,  first,  rc3])ccting  the  earthy  minerals, 
so  as  to  determine  those  which  may  be  produced  iVoni 
watery  solution,  I  must  have  recourse  almost  entirely 
to  the  chemistry  of  nature  ;  as  the  limited  solobility  of 
the  earths  prevents  us  from  deriving  much  information 
from  our  own  circumscribed  ex{>eriuicnls.  For  the 
sake  of  brevity,  I  have  thrown  them  into  the  form  of 
a  list ;  and,  to  save  repetitions  of  the  proofs  on  which 
their  aqueous  origin  rests,  tliese  may  be  given  in  a 
preliminary  form. 

The  formation  of  quartz,  chalcedony,  and  calca- 
reous spai",  may  almost  be  witnessed;  and  that  of  the 
latter,  in  particular,  is  so  rapid,  that  the  crystals  can 
often  be  seen  in  calcareous  caverns,  such  as  that  of 
Sky,  forming  like  common  salt,  while  it  is  also  gene- 
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rated  by  iiitiltratiou.  Chalcedony  is  pi-oditced  in  Uic 
lattor  way,  quartz  in  both  ;  while  the  veins  of  quartz 
atid  of  carbonat  uf  lime,  are  generated  in  this  man> 
ner.  I  have  -dso  already  proved  that  the  theory  of 
infiltration  explains  the  imbedded  noduleb  of  tlie 
aniygduloids ;  and  tlius  there  is  cstabUshed  a  conside- 
rable Ii»t  of  minerals  funned  by  means  of  aqueous  so- 
lution. 'I'hat  uhich  takes  place  in  this  case,  may 
cfjually  happen  in  a  mineral  vein. 

Though  we  have  not  yet  proved  tliat  all  the  other 
earthy  saline  materials,  such  as  gypsum  and  barytes, 
arc  produced  from  watery  solution,  chemistry  and 
analog^y  both  render  it  very  probable ;  and  tliese  may 
tlierefore  be  added  to  the  aqneous  list,  with  little 
hazard  of  error  j  certainly  with  much  less  than  they 
conld  be  referred  to  an  igneous  origin.  Lastly,  we 
may  possibly  also  refer  to  the  Siunc  division,  those 
which  are  found  associated  or  imbedded  in  quartz, 
as  distlicne  is  ;  though  such  cases  as  this  are  far  more 
questionable. 

The  list  constructed  from  these  various  kinds  of 
evidence  will  tlierefore  contain  the  following  minerals, 
and  possibly  many  more ;  and  it  is  here  divided  under 
these  several  heads  of  more  or  less  unexceptionable 
proof.  I  do  not  add  those  which  are  imbedded  in 
priniiu'y  limestone  ;  because  it  is  more  than  probable, 
that  these  have  undergone  the  process  of  fusion  ;  ill 
which  case  their  iml>cdded  minerals  must  be  refcrrcdi 
as  those  of  granite  are,  to  an  igneous  origin. 

Salhte  Minerafs. 

C»rboiiAt  of  l.inic  Carbonat  of  Barylcs 

Fliiat  vF  Lime  Solphat  of  Bsryles 

(•jrpsum  Carbonat  of  StmbtiAit 

Urowit  -SiMir  6u]pliut  of  Stionlimi 

ArragDiiitc  Baracitc 

Wat  el  lite. 
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With  respect  to  some  of  these,  it  will  be  pereeived 
that  the  proofs  are  comptete,  as  they  are  found  iu  the 
rollowiiig  division. 

Alincrals  of  ike  Amtfgdaloiiix. 


Quartz  i  including  amethyst 

Chalcedony,  iu  all  itj  Tarietits 

Opal 

Sulpbat  of  Barj'tes 

Floor  Spar 

Olivin 

Eptdotd 

Mica 

Chlorite 

Steatite 

Litlioiuarge 

Chlorophffiite 

CouiliUj 


Brotm  Spar 

NwJeltiteia 

(.eucite 

Solfdut  of  Stronliati 

Prehnite 

Laumonitc 

Irlitliyopbthalitiiie 

liarmotome 

Analcime 

St  il  bile 

Cbabuite 

ArragDnitc 


To  which  may  be  added,  as  found  sometimes   in 
\\M\vt7.  which  is  apparently  of  aqueous  origin, 

Disthene  Tremolite 

Epidole  Tonrmalin 

Actiaolite 

ind  aa  found  in  Calcareous  spar, 

Emerald 

I  have  limited  this  list  of  aqueous  minerals  to  those 
r\\\c\\  are  supported  by  the  proofs  above  mentioned  ; 
.but  if   those  also  had  been   enumerated    which  arc 
mnd  associated  together  in  cavities  of  veins,  where 
one,  or  more,  of  the  number  consists  of  minerals  de- 
cidedly aqueous,  it  might  have  been  considerably  ex- 
;ndcd.     The  mincralogical  reader  who  is  thus  fur- 
lished  with  the  principles  on  which  this  catalogue  has 
;n  constructed,  may  easily  extend  what  I  need  not. 
In  examining  now  the  metallic  miucmls,  so  as  to 
letemiine  which  of  them  may  have  l>eca  formed  from 
aqueous  solutions^  I  may  first  have  recoui-se  to  direct 
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exprriinents,  and  to  anulogies  drawn  from  tlicsc.  'Jlie 
ready  uieuns  wh'u-li  cluniistry  uftards  for  producing 
inauy  oi"  those  snhstmiccji,  render  these  artificial 
])roof8  much  nioiv  complete  than  in  the  rase  of  the 
fjirthy  minerals.  llie  proof  from  nature  is,  a»  in 
the  former  case,  drawn  ^oni  their  aswciution  with 
the  eartliy  inJHcraU  already  proved  to  be  of  aqueOiiH 
oripiii.  That  association,  and  the  consequent  proof, 
is  often  very  accurate,  because  the  metallic  is  ini- 
hedded  in  the  earthy  mineral  ;  crystallized  within  au 
earthy  crystallized  oncj  as  Rntilc  is  in  quartz,  or  else 
disposed  in  strata  of  aqueous  origin,  such  as  shale 
and  secondary  liineslonc,  which  have  not  undergone 
the  action  of  fire. 

The  natural  proofs  are  not  quite  incontrovertihle 
■when  the  metallic  mineral  arc  merely  asswiatcd  iu 
the  cavities  of  veins  with  those  earthy  ones  which  are 
of  aqueous  origin.  Yet  they  are  perhaps  snl^cieiUly 
strong ;  particularly,  as  many  of  these  are,  in  reality, 
substances  whicli,  in  otlicr  cases,  carry  much  more 
decided  proofs  with  them,  either  from  cither  natural 
associations,  or  fiom  chemical  experiments  and  ana- 
logies. As  the  present  remarks  are  not  oflered  as  in- 
cluding a  series  of  positive  facts  on  which  a  theory  is 
<o  he  crecte<l,  but  merclv  as  indicating  the  road  to  be 
followed  in  attempting  to  explain  the  origin  of  mi- 
neral veins,  any  doubtful  particulars  can  be  of  no 
moment.  The  obscr%*ution8  will  answer  all  that  is 
intended,  if  tbcy  turn  tlie  attention  of  mineralogists 
lo  a  subject  which  ought  to  have  been  examined  by 
those  who  have  proposed  theories  of  this  natnr«  ;  and 
■who,  in  this  case,  seem  to  have  proceeded  by  invert- 

|ing  the  rnles  of  philosophy.    It  will  hereafter  be  seen 
that  some  minerals,  both  earthy  and  metallic,  have  a 

Uhmble  orig^in,  or  are   formed   both   from  fusion   and 
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solntion  ;  so  that,  perhaps,  some  of  these,  itnoh  i'or 
example  as  tliose  which  are  iiiclndcd  in  rarhonat  of 
lime,  niav  possibly  be  exclusively  of  igtieows  origin. 
In  examining  the  chemical  evidence,  it  will  be  <-oii- 
venient  to  class  the  metallic  minerals  according  to 
their  leading  relations  of  this  nature;  as  I  do  not  in- 
tend to  invcslij^te  every  complicated  species  or  variety 
which  mineralogists  have  described.  The  following 
dassifi cation  will  answer  the  present  purpose. 

Metals  ;    iiicluding  the  alloys. 

OxYDEd  ;    wlietlicr  sinigilc  cir  coinplicatcil, 

Salts;  comprising  Cnrbonats,  SnlphHts,  Murmtti,  I'tiosplinta, 
Arscniats,  Molybdnts,  Tiingutats.  Chromats  aud  Silicats : 
or  combinations  of  more  tlian  uiie  of  tliusc 

StrLPHURcrn  ;    simple  or  complicated. 

PnospseiiETS. 

We  do  not  yet  know  how  n»any  metals  can  be 
separated  from  their  solutions  in  a  metallic  state;  but 
gold,  silver,  copper,  and  lead,  can  be  procured  in  this 
manner  with  great  facility.  These  may  therefore  be 
metals  of  an  acjueous  origin.  Possibly  this  may  hap- 
pen to  many  otliers;  from  deoxydating  processes  in 
nature  which  we  either  have  not  examined,  or  whicii 
may  be  unattainable  in  our  own  cxperiuients. 

All  the  metallic  oxydes,  wliich  involve  a  large 
number  of  these  minerals,  can  be  procured  in  the 
same  manner;  at  least  in  a  powdery  state.  If  arti- 
ficial cliemistry  has  not  yet  coutrivcd  to  obtain  these 
in  a  crystallized  form,  it  must  be  recollected  that  wc 
cannot,  like  Nature,  command  the  element  of  Time. 
Yet  perhaps  the  case  of  oxydnlous  iron,  whicli  may 
be  procured  from  the  muriat  by  dissipating  the  acid, 
may  be  esteemed  an  instance  in  point;  though  the 
application  of  heat  is  necessary  for  this  purpose. 
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If  cbftrnistry  hm  not  yet  foriiicd  every  coni])lifatoti 
salt  that  is  foQiid  in  the  list  ofinctatlic  saline  mineruU, 
it  luu*  produced  so  many,  tliat  \vc  may,  with  little 
ha?:iird  of  error,  consider  the  ar[noou»  process  as  fuliy 
competent  to  the  prodnction  of  the  whole.  I'hat 
Nature  can  exhibit  some  of  them  in  a  crystallized 
form,  such  as  the  phosphat  of  iron,  when  we  can  ob- 
tain them  only  in  a  powdery  one,  must  be  referred  to 
the  canse  just  noticed:  namely,  the  rapidity  of  onr 
operatioii<i  and  the  slowness  of  hers.  As  to  the  silicats, 
our  acijuaintancc  with  the  real  nature  of  this  com- 
bination, or  the  exact  mode  in  which  silica  acts  the 
part  of  nn  acid,  is  as  yet  so  recent  and  imperfect,  tliat 
no  opinion  can  at  present  be  giVen  respecting-  them. 

Tlic  igneous  theory  of  metallic  veins  was  supposed 
to  be  supported  by  an  incontrovertible  argument  de- 
rived from  the  sulphuret  of  ii-on,  which,  it  was  asserted, 
could  not  be  formed  from  aqueous  solution ;  and  the 
same  rule  was  therefore  extended  to  all  the  other  sul- 
phurels.  So  far  is  this  from  being  true,  that  Nature 
docs  produce  it  from  aqueous  solutions,  abuudantly. 
In  art,  it  can  be  procured  by  the  mere  repose  of  the 
Serum  of  blood,  and  from  the  decomposition  of  sul- 
phat  of  iron  by  animal  matters.  Other  metallic  snl- 
phurets  may  probably  be  formed  in  the  same  manner; 
it  is  a  subject  that  requires  to  be  investigated  by  iliose 
who  may  have  leisure.  These  combinations  can  also 
be  procured  in  the  aqueous  method,  by  means  of  sul- 
phuretted hydrogen ;  a  very  probable  agent  in  natnre. 
In  these  latter  eases,  the  sniphurets  are  obtained  only 
in  a  powdery  form,  but  in  the  former,  the  iron  pyrites 
is  cry  stall  i2e<l. 

Respecting  the  phosphnrets,  our  direct  experience 
is  little;  and  I  need  only  remark,  that  the  analogies 
between  sulphur  and  phosphorus  arc  so  strong,  that 


p1iO!!>pliLircts  uiigUt  probubly  be  procured  In  Uie  moist 
way  as  well  as  siilphurets. 

As  to  the  evidence  from  nature,  derived  from  tbe 
intimate  association  between  certain  metallic  minerals 
and  the  earthy  ones  of  aqneous  origin,  the  chief  of 
these  latter  are  calcareous  spiu"  and  quartz.  Barytes 
and  fluor  are  less  conspicuous  in  this  respect.  The 
union  with  calcareous  spar  is  rather  more  frequent 
than  that  with  quartz:  but  as  those  different  earthy 
minerals,  aud  particularly  quartz  and  calcareous  spar> 
frequently  occur  together,  it  is  not  necessary  to  dis- 
tinguish the  metallic  ones  which,  in  some  cases,  seem 
to  be  peculiarly  associated  either  with  the  one  or  with 
the  other.  The  following  list  therefore  contains  those 
which  arc  found  in  these  associations,  arranged  ac- 
cording to  their  chemical  natures  and  under  tbe  most 
general  terms. 

Metals  and  Alhxfs. 


Gold 

fiistnuth 

Silver 

Tellurium 

Arsenical  Silver 

Silver  i   Amalgam 

[roo 

Copper 

Arsenical  Cohult 

Antimony 
Arsenical  PyritM 
Arsenical  Nicltel. 

Oxxjdes. 

Copper ;   block,  and  red  Arsenical  Oxyilc 

lion;   Hematite  Uraniats;  green, and  black 

Lead;  Minium  MMiganeBe>  red,  aad  bliick 

TJMiuiumi   Rutile,  AnaUM        Cobalt  i  red,  and  blacV. 


Silver;   Muriat 

Copperj  Miiriat,  Arscntat, 

I'bMptiat 
Lead;   Phtwpliat,  Carbonat, 

Sulphat.  Molyhdat 


Iron ;  Mnriat,  Arscniat, 

Carbunat,  Phosphat, 
Tungsten;  Wolfram 
Zinc  -y   Carbonats 
BiKniuth ;  ('iiibonat 


Titanittm^  8iUcat  (Spbene.) 
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Sulpkztrets. 

Silver  Zinc 

Copper  J  yellow,  gray  Arsenic.  Aneutc  anti  Iron 

Lead.  Lead  and  Autitouuy         Aiitiiuony^  red,  uid  gray 
Mercury  >  brown,  red  Bismuth. 

Iron. 

Tlift  minerals  which  seem  to  carry  the  evidence  ofj 
an  aqueous  origin  in  their  forms,  arc  the  following. 


Kartliy  rUoBpliat  of  Iron 
Stalactitical  Hematites 
Bog  iron  ore 
Iron  stone 
Malachite 


Stalactitical  Mauganeise  oxyde, 

red  and  blnck 
Stalact'itic»l  CalamiiiD 
Stalactitical  pyrites,  whether 

of  iron  or  copper. 


Tlic  last  list  contains  the  minerals  found  in  secondary 
strata,  of  aqneous  deposition,  and  M'hicli  do  not  ap- 
pear to  have  experienced  tlic  influence  of  6re. 

Odd. 

Qiiicltgilvor 


Muriat  of  quicl(sih*er 
Sulplioret  of  quicksilver 
Blue  carboaat  of  copper 
Orcuii  carboiiut  of  copper 


OxyduloQj  iriHi 

Iron  pyritea 

Hematiles 

Iron  stones  and  ochru 

Cobalt  i  black  oxyde 
Manganese;  black  oxyde. 


All  of  these  are  found  in  the  preceding  enumeration; 
90  that  these  situations  only  offer  proofs  In  confirma- 
tion of  the  present  views. 

I  must  now  examine  the  minerals,  whether  earthy 
or  metallic,  which  are  the  jiroduce  of  igneous  fusion 
or  of  fiublimation  from  a  state  of  vapour.  The  evi- 
dences respecting  these  are  also  derived  from  two 
sources ;  from  chemical  experience,  and  from  their 
po»ition!i  in  rocks  wbich  are  known  to  be  the  produce 
of  fire.  These  last  may  be  hmited  to  gianite,  the 
porphyries  and  traps,  aud  the  volcanic  rocks;  though 
there  seems  no  reason  to  doubt  that  gneiss,  micaceous 
schist,  and  some  otlier  primary  strata  might  be  added 


to  thoBf ;  in  which  vAne.  the  catalugne  might  be  still 
further  increased. 

Tbe  earthy  minerals  wliich  may  be  modified  by 
artificial  fire,  or  which  undergo  the  action  of  heat 
without  destruction,  arc  the  carbonats  of  lime,  barytes, 
and  strontian,  and  the  phosphat  of  lime.  Silica  is 
sublimed  in  a  crystalline  form,  as  I  have  proved.  Of 
the  metallic  minerals,  every  metal  may  be  sublimed 
by  artificial  heat;  and  they  all  admit  of  being  cry- 
stallised by  fusion.  All  the  sulphurets  can  be  fused; 
all  appear  capable  of  being  sublimed;  and,  probably, 
the  wliolc  can  also  he  produced  in  this  way,  by  a 
direct  combination  of  their  ingrcdieuts.  All  the 
oxydes  arc  produced  from  the  metals  by  heat,  and 
some  of  them  admit  of  being  volatilized.  Under  these 
circumstances  also,  some  of  them  cr)stallize ;  as  is  the 
case  with  the  red  oxyde  of  copper  formed  in  the  ca- 
vities of  metalhc  vessels  in  Pompeii.  It  is  probable 
that  some  of  the  metallic  salts,  the  arscniats  for  ex- 
ample, can  be  produced  in  this  way;  but  I  cannot 
quote  any  satisfactory  experiments  on  a  subject  which, 
in  all  its  bearings,  is  well  worthy  the  attention  of  those 
chemists  who  are  interested  in  geology,  and  whose 
leisure  is  greater  than  my  own. 

In  examining  the  evidence  which  nature  affords  on 
this  question,  the  following  is  a  list  of  such  earthy 
minerals  as  are  found  in  the  situations  above  men- 
tioned. It  is  probable  that  many  are  omitted;  as  no 
evidence  but  what  seemed  uucxceptionable  has  been 
taken;  and,  in  examining  the  entire  catalogue  of 
minerals,  it  will  easily  be  fcmnd  that  there  are  some 
of  which  the  origin  still  mniains  uncertain,  and  which 
arc  therefore  excluded  both  from  the  aqueous  and 
%\ie  igneous  list;*. 
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Earthy  Minerals. 

Qnartz  (by  fasioo         Fettstrin 


Schorl 

ThIc  Tremolite 

Opal  Emerald 

Chrysoprase  Gabbrooite 

ffauyne  Weroerite 

Meiooite  Pyrophysalite 

Son  mite  La|HS  lazuli 

Leucite  Aibeatos 

Pseodo  aoramit«  Hyperstheoe 

Pleonaste  Dialkge 

Garnet  5  Aogit 

Cyanita  '  SaUite 

Zircon  Peridot 

Fluor  spar  MeliUte 

Spodumene  Tabular  spar 

Comndnm  Melanite 

Beryl  Idocraie 

Topaz  Ice  spar 

Toartaalin  Arragonite 

Together  with  some  other  volcanic  minerals  which 

are  yet  ill  defined.     And  the  metallic  minerals  thus 

found,  are  the  following. 


and  by  sublima- 
tion) 
Felspar 
Mica 

Hombleude 
Actinolite 
Chlorite 
Steatite 
Serpentine 
Gbrysoberyl 
Epidota 
Apatite 
Pinite 
Idocrase 
Anthophyllite 
Andalusit* 
Stilbite 
Jade 


Copper 

Oxydnlons  iron 
Galena 
Graphite 
Chromat  of  Iron 


Sphene 
Iron  pyrites 
Oxyde  of  Tin 
Sulph.  Molybdena 
Gold. 


Such  is  the  balance,  as  far  as  it  yet  appears  possible 
to  construct  a  tolerable  list  of  this  nature,  between  the 
aqueous  and  the  igneous  minerals.     It  would  be  highly 
improper,  at  present,  to  deduce  from   it  any  concla- 
sions  respecting  a  theory  of  mineral  veins.        For, 
though  all  the  minerals  of  these  were  aqueous,  or  all 
igneous,  we  are  equally  at  a  loss  to  coDJectare  whence 
they  came  and  how  they  are  so  limited  and  so  dis- 
posed as  they  are  in  veins.     It  might  indeed  be  con- 
sidered an  argument  in  favour  of  an  igneous  theory, 
that  the  mines  of  Nagyag  lie  in  volcanic  rocks.     Bat 
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it  is  evident  that  this  fact  proves  no  more  in  this  cast? 
than  in  that  of  granite  or  tiap;  since,  in  all  of  these 
rocks  alike,  aqneons  infiltiazioa  takes  f^ace,  as  veal 
into  the  veins  as  into  the  \6kaaie  and  nap  axnvg- 
daloids. 

Bat  it  is  here  woithj  of  ranaik,  thai  of  the  caxihr 
minerals  actually  fonod  in  mincxal  rciiH.  ttoc  arc 
more  of  an  aqneons  than  of  an  i^neoci  cKpc;  a^ 
thongh  there  are  many  nuue  igneoiis  than  att^atook  ai- 
nerals  in  nature.  With  reapect  to  the  mecal^  amttf  th^ 
difference  is  still  more  in  bronr  of  the  a£,GMna  aii- 
nerals.  That  many  of  both  kinds  Lave  *.  dver.<j£ 
origin,  is  only  one  ont  d  the  uumetrjoi  di&sij:^ 
that  beset  this  subject.  Tbcae  aie^  in  £tfs,  &£i.  asud 
so  ^parently  uisnrakonDtable  at  firtatxi.  i&ac  a  srx- 
dent  geologist  will  suspend  hift  jadgsKsx  <«.  tzk  «.V- 
ject;  provided  he  does  not  abo  setfmad  ta  saLT*»- 
tigationa.  Both  the  theories  are  htSort  faiah,  aad.  lua 
tmght  to  try  the  &cts  by  both,  not  bn*  mk  oelCt, 
to  the  exdosion  of  the  other.  In  thu  ysn^  ht 
ought  to  take  into  his  viers  the  foniiati6c  of  K^is^snM 
by  sublimation,  and  their  ;Modnctioo  fircua  ia£zsaeM^-, 
two  processes  which  have  been  ncglKteid  by  ifjnux 
llieoiists.  Not  however  that  these  vi«L  «Mb  ^szuit 
side,  form,  in  diemselvay  a  theory;  Kkcwma,  •-)*« 
were  there  not  many  more  r'ntnmtihMPn  at  ^ir^a^ve 
uDintelligihle  in  veins,  we  arc  still  aaaUt  ti;*  «rx^Kt«4' 
whence,  cm  either  hypodiesii^  the  miuenh  h^vt  ar- 
rived at  their  present  places.  Tfai»  Ibmc  ti^^firtxm  a^ 
plies  also  to  a  proposal  which  has  bwa  anafe  t^/irar«£« 
explaining  the  formatiao  of  mtiKral  vcu*^  r^  fli^aeui 
of  galvanic  actions  otuuiiiig  betw<m  tfti«  r^a*  *m^ 
and  its  walls;  thongh  it  is  not  itofomkAf:  tW  t»'^it 
causes  may  have  aided  in  prodocin^  tt^tr  4ii¥f^^fi^ffi^ 
or  modifying  the  minerals  thenu«£v«t. 


IM' 
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Om  the  gtviegicai 


af  Me  argamic  FoutU. 


Or  all  ibc  appcanoces  whicli  the  earth  ptesrats,  no-' 
tfaifi";  hu  excited  more  attention  tiiao  the  existence  of 
aninial  bodies  in  the  strata ;  vhile  the  air  of  niysTt 
vhich  attended  it  stinmlated  cartosity,  and  may 
sand  to  bare  laid  the  foDodation  of  Geological  sctencK^ 
If  the  prespDce  of  animals^  once  fnlfmarine,  in  rocl 
and  OQ  loftr  moontain^.  wa$  a  cao^e  of  wonder  and 
source  of  theories,  so  did  ihc  discoTrrf  of  the 
of  lat^  annnab  lead  to  the  belief  of  pre-existing 
of  gtants»  white,  in  both  cases,  philosophy^  vith 
history,  sacred  and  profane,  were  pcrrcncd  to  find  ex- 
planations. 

The  iDcrease  of  knowled^  has  giwn  a  very  dif- 
ferent complexion  to  this  subject,  and  a  more  rational 
direction  to  the  pnrsuit.  Yet  the  Geologist  seems  in 
danger  of  forgetting  that  it  is  bnt  one  part  of  his 
science.  Its  details  belong'  to  zoology  and  botany ; 
and  he  loses  sight  of  his  main  object  when  he  pnrsnes 
these  minutiae  to  the  neglect  of  their  more  interesting 
connexions  with  the  history  of  the  globe.  Still  more 
deeply  does  he  err,  when  he  imagines  that  a  theory 
of  the  earth  ran  be  Founded  on  what  involves  so  small 
u  portion  of  its  strncture  and  hUtory.  It  is  donbtlcss, 
cssentitil  to  know  these  objects ;  as,  to  arrange  and 
name  them  is  the  grammar  of  this  department.  Bat 
it  is  nnformnately  true,  that  whether  the  contcmphi- 
tion  of  niinutiiie  disables  the  mind  for  wider  views,  or 
that  only  a  minute  mind  can  be  cngrossetl  l>y  socb 
tbiiig**,  the  power  of  pro6tiiig  by  rollcctions  and 
their  sluily,  diniiuishes  in  proportion  to  their  cxtciit 
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and  the  activity  of  collectors,  whetlier  it  he  iu  natural 
history  or  books. 

The  true  business  of  a  Geologist,  here,  is  of  a  far 
higher  character.  It  is  to  determine  the  antiquity  of 
tbesc  objects  and  that  of  the  earths  in  which  they 
lived,  the  waters  which  they  inhabited,  and  the  former 
phices  of  those ;  to  explain  why  they  ore  now  im- 
bedded in  rocks  when  once  free,  why  elevated  on  the 
land  when  once  beneath  the  sea,  why  they  are  par- 
tially distributed,  and  far  more  ;  as  it  is  also  his  office 
to  see  bow  these  things  explain  tlie  history  of  the 
earth.  If  found  in  alluvial  soils,  other  iminirtes  of 
an  analogous  nature  arise,  relating  especially  to  the 
later  history  of  the  globe.  And  iu  the  study  of  the 
objects  themselves,  if  he  undertakes  the  office  of  the 
zoologist  and  botanist,  it  h  his  business  to  compare 
tile  dead  with  the  existing  races;  through  which  it 
is  his  own  proper  office  to  draw  inferences  as  to  the 
hiHtory  of  the  living  creations  of  the  Earth,  as  to  that 
of  the  Earth  itself. 

The  limits  and  nature  of  an  elementary  work  on 
Geology,  do  not  permit  an  examination  of  this  sub- 
ject as  it  belongs  to  Zoology  and  Botany :  a  treatise 
would  be  demanded  for  it,  and  that  would  also  be  a 
large  one.  I  have  already  published  a  skeleton  for 
such  a  work,  or  a  basis  on  which  those  details  might 
be  engrafted :  as  it  is  now  time  that  tbey  should  be 
collected  and  embodied.  For  the  objects  themselves, 
I  must  refer  to  that  and  other  well-known  books ; 
especially  to  local  records,  and  to  professed  arrange- 
ments of  fossil  oi^anic  bodies  ;  here,  J  must  couBnc 
myself  to  purely  geological  science,  as  much  as  po^ 
sible.  And  that  will  also  be  more  uscfnl ;  for  white 
books  aifound  on  the  fossil  bodies  themselves,  their 
geological  bearings  and  couuexions  have  be«n  almo^v 
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entirely  neglected  in  thost;  works,  as,  from  thai  neglect^ 
many  erruneous  conclusions  have  been  drawn  respect- 
ing tlie  history  of  the  eartfa,  and  also  of  those  objects 
themselves. 

It  may  interest  those  who  think  the  antiquities  of  a 
science  worth  stndpng,  to  name  some  aiitient  opinions 
on  this  subject:  the  record  of  folly  would  be  more 
valuable,  did  it  teach  onrselves  wisdom,  lint  when 
we  smile  at  Ray  and  Lister  and  Bertraud  and  others, 
we  forget  ihc  greater  folly  and  ignorance  which  create 
and  destroy  oceans,  dissolve  rocks  without  water,  and 
fuse  them  without  heat.  If  these  fot^ils  were  tlionglit 
to  be  formed  by  a  plastic  power  in  Nature,  this  was 
but  the  Greek  philosophy  which  Cudworth  had  bor- 
rowed. If  Lusus  Naturse  was  a  term  without  an 
idea,  cheating  by  the  semblance  of  knowledge,  we  arc 
doing  the  same  every  day,  and  forget  to  note  it.  If 
the  seeds  of  shell  fishes  were  evaporated  and  con- 
veyed to  the  earth,  modern  physiology  does  not  yet 
see  on  how  many  points  it  will  hereafter  be  an  object 
of  ef)nal  ridicule.  If  stones  themselves  grew  from 
seeds,  a  yesterday's  philosophy  produces  a  man  from 
a  monas,  and  dares  to  smile  at  the  self-growth  of  or- 
ganic fossils.  Forms  uniting  the  organic  with  the  in- 
organic world,  materials  prepared  for  living  beings, 
these,  and  more,  can  be  paralleled  by  modern  hypo- 
theses. Voltaire's  reading  might  however  have  taught 
him  what  his  knowledge  of  nature  could  not ;  since 
Herodotus,  Strabo,  Pliny,  and  others,  had,  long  he- 
fore,  formed  just  conclusions  on  this  subject.  The 
parent  philosophy  was  wiser  than  its  progeny,  ft)r 
many  centnries,  in  this  and  far  more.  But  let  Teiv 
tulliau  Iiave  the  credit  which  he  deserves,  for  explain- 
ing the  positions  of  organic  fossils  through  the  de- 
luge.    This  was  a  bold  and  a  grand   view :  but   ii  is 
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om-9  to  remember  thai  no  philosophy    will    endure 
which  is  not  founded  on  truth.     Enough. 


Of  the  general  Division  and  Nature  of  organic 
Fassiis. 


HK.  The  great  and  obvious  divisions  are  into  marine  and 
^terrestrial,  since  these  materially  concern  the  history 
of  the  earth  as  expluined  by  these  bodies.  Bnt,  under 
the  same  reference,  the  last  must  be  separated  into 
aquatic  and  terrene.  As  Clonic  bodies,  they  arc 
divided  into  animals  and  vegetables  ;  tlie  bitter  beinp 
rare  umon^  the  marine,  and  confined  chiefly  to  the 
terrestrial  deposits :  tbc  former  being  Ijotb  marine 
and  terrestrial,  and,  in  the  latter  division,  terrene  and 
aquatic.  .1 

The  Lithophytes,  or  corals,  among  the  marine 
fossils,  form  the  basis  of  strata  of  higli  antiquity ; 
having  originally  perhaps  resembled  the  coral  islaada 
of  our  own  day.  That  they  should  be  mixed  witb 
other  shells,  we  can  easily  understand  ;  and,  when 
found  independent,  they  may  belong  to  alluvial  ma- 
rine deposits,  or  be  derived  from  demolished  rocks. 
The  testaceous  animals  constitute  a  much  larger  di- 
vision, as  their  produce  in  rock  also  far  exceeds  that 
of  the  former  ;  and  thus  also  do  they  occupy  a  much 
greater  range  among  the  strata.  The  erustaceous 
animals  are  comparatively  rare,  in  quantity  and  in 
variety.  This  is  explicable,  partly  by  retrospective  in- 
ferences derived  from  their  present  knovvn  rarity, 
and  partly  by  the  tenderness  of  their  strnctnro.  And 
this  last  fact  explains  the  still  greater  rarity  of  the 
fishes,  of  which  the  hard  parts  are  often  the  only  ones 
preserved.  If  the  cetaceous  fishes  are  also  rare,  we 
must  recollect  that  they  are  so  us  living  animals  :  and, 
of  ihcse  and  the  last,  it  may  he  remarked  that  they 
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arc  generally  fouud  in  the  more  recent  strata,  and 
commonly  under  pecitliar  circnm stances  formerly  ex- 
plained. Roeks  of  midispiite<l  marine  origin  do  not 
often  contain  ainplnl)ions  animals,  nor  do  these  abonnd 
anywJicre.  There  are  however  tortoises  in  the  chalk, 
and  animals  of  the  Lizard  trihe  in  the  Lias ;  itself  an 
aniphil)ions  deposit,  as  I  shall  hereafter  suggest ;  at 
least  where  it  contains  such  remains. 

Thu»  does  this  race  connect  the  marine  and  the 
terrestrial  organic  fossils  of  an  animal  nature.  Among 
the  latter,  the  lithopIi\tes  are  rare ;  and  if  millepone 
occur  in  the  coid  strata,  the  inferior  beds  of  tliis  arc 
amphibious.  Testaceous  animals  are  found  in  the 
fresh  water  strata,  just  as  in  the  marine  ones ;  but 
they  arc  more  limited  iu  variety  and  (juantity,  and  the 
rocks  themselves  belong  either  to  the  coal  scries  or 
the  tertiary  deposits ;  otherwise  tban  under  trans- 
portation, and  in  the  amphibious  lias.  Fishes  are 
also  found  in  the  same  strata ;  and  I  have  formerly 
pointed  out  the  sources  of  contiision  aud  error  on 
this  subject. 

The  fossil  remains  of  terrene  animals  form  a  large 
class,  in  variety,  ii*  not  in  nnmbers ;  presenting  also 
a  peculiar  interest,  by  approximating  the  existing 
earth  with  its  last  preceding  condition.  If  we  extend 
the  nUe  so  as  to  consider  every  bnried  animal  as  a 
geological  organic  fossil,  they  pre&ei've  the  chain  un- 
broken. By  transportation,  they  occur  in  marine 
strata ;  and  they  also  exist  in  lacustral  ones  aud  iu 
alluvia.  Former  chapters  have  cxpluined  much  that 
I  need  not  here  repeat  on  thi!>  subject ;  and  it  only  re- 
mains to  add,  that  they  are  sometimes  found  in  modern 
rocks,  produced  Ukc  Travertine,  or  from  fragments. 
The  remains  theiubelvcs  comprise  tjuadrupeds,  birds, 
reptiles, and  iusects,  to  which  1  may  agaiuaddampbibia. 
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IF  it  was  once  thought  that  the  Elephant,  and  other 
remains  of  Italy  were  derived  from  animals  introduced 
by  the  Romans,  that  hypothesis  has  passed  away.  In- 
sects conld  not  be  common  j  but  they  are  likely  to 
prove  more  numerous  when  the  lacustral  deposits  to 
which  they  belong  are  better  known.  They  have  been 
fonnd  at  Nicbolschitz  in  Moravia,  at  Radcbeg  in 
Croatia,  at  Sinigaglia  on  the  Apcnninc,  and  elsewhere; 
consistiog  of  colcoptera,  hymcnoptcra  atiddiptera,  and 
iacluding  Libellnla,  Cimex,  grashoppers,  and  others. 

Vegetable  fossils  arc  very  rare  in  the  marine  strata, 
as  marine  vegetables;  transported  terrene  ones  are 
f%r  more  common,  and  must  not  be  confounded  because 
of  their  situation.  Yet  conferrge  and  fuei  have  been 
found  in  the  limestone  of  the  Alps  and  Apennines,  of 
Transylvania,  and  of  Christian  ia  in  Norway.  C'oni- 
parcd  to  these,  the  terrestrial  fossil  plants  abound  in 
variety  and  nnmlwrs:  occurring  where  they  might  be 
expected,  in  the  coal  strata  chiefly,  and  also  in  the 
tertiary  lacustral  deposits.  The  former  are  pulustral, 
if  not  aqnatic,  and  are  preserved  in  their  places.  They 
mnst  be  distinguished  from  the  more  properly  terrene 
ones  which  have  undergone  transportation,  and  which 
occur  in  tlie  alluvial  deposits  often  confounded  witli 
the  tertiary.  And  1  must  lastly  here  include  the 
snperficia]  fragments  of  vegetables  petrified,  such  as 
occur  in  Antigua  and  at  Madras,  in  Africa  as  described 
by  many  travellers,  and  in  New  Holland,  as  mentioned 
by  Collins. 

Of  the  Conditions  m  tvkick  organic  FwisiU  occur. 

Shells  are  often  found  in  sand,  dry  and  fragile,  as 
if  calcined;  having  lost  their  animal  mutter.  In  other 
cases,  that  animal  bond  is  preserved,  as  are  even  their 
colours,  well  known  in  the  Lumachella  marble;  while 
similar  variutious  occur  in  iIk-  emsc  o5  VwuvisAWviLVttxV. 
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!Somt>Uue»,  the  most  delicate  partu  of  the  shell  arc  pvN 
feet,  even  tollic  memhrane  of  the  lunge,  while  in  others 
they  are  compresseil  or  broken,  and  even  dissevered 
and  dispersed.  The  causes  of  all  this  are  suHicientty 
obvious.  Tlie  aniiDal  matter  of  fishes  is  rarely  pre- 
served, as  I  already  noticed;  and,  of  the  quadrupeds 
and  cctacea,  only  tlie  hones  are  found,  except  iu  the 
jure  and  peculiar  cases  elsewhere  described. 

Though  casts  and  impressions  canuot  he  called 
or^auic  fo«siU,  they  are  ctpiivalcnt  records.  They 
need  not  be  here  distinguished,  bcin^  essentially  the 
same.  In  the  case  of  leaves,  there  is  often  no  oUier 
record.  In  sliells,  the  interior  cast  is  a  Uiodel.  It  is 
often  difficult  to  account  for  the  disajipearauce  of  the 
organic  body  in  these  cases;  as  the  stone  mast  have  been 
previously  induriitcd,  when  the  cast  is  perfect,  and 
wc  do  not  see  how  that  should  reuiuin  when  the 
model  was  destroyed.  In  the  calcareous  rocks,  where 
the  shell  has  combined  with  the  stone,  there  is  do 
difHrnlty.  And  in  this  case  also,  the  animal  matter  h 
Koinetinies  difl'ubed  through  the  rock,  producing  the 
fetid  limestones;  a  fact  occurring  too  in  the  case  of 
fishes.  The  ammonites  are  sometimes  filled  with  sand, 
and  the  .shell  itself  is  silicified :  yet  when  a  sliell  U 
filled  with  flint,  it  remains  ndearcous,  and  is  sometimes 
<:i-ysta)lized,  assuming  at  least  a  fibrous  structure.  Iu 
the  former  also,  the  siphunculus  sonietiiues  remains 
when  the  shell  has  disappeared. 

In  the  ligneous  fossils,  the  wood  is  replaced  by 
sandstone,  hut  the  bark  often  remains,  convcrttd  into 
coal.  Such  arc  the  well-known  fossils  of  the  coal  strata. 
Iu  some  cases. especially  in  the  minuter  fossils,  the  wood 
isconvertcd  into  charcoal.  Leaves,  or  at  least  their  bark, 
hare  become  roal:  they  are  often,  rather  drawings  tlian 
even  lias-relicfs  of  tlie  originals.  In  other  cases,  as  of  • 
ten  happens  in  shale,  the  bituminous  matter  is  diffused 
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through  the  rock,  and  nothing;  hut  the  impresHiuu 
remains,  sonietiines  with  a  mere  film  uf  charcoal.        1 
What  is  called  pctrifuctioii  is  another  condition  of 
organic   fossils,   much   more   rare,  if  we  adhere  to  a 
true  definition.     Where  this  process  is  perfect,  the 
or^nic  body  has  disappeared,  hut  its  fonu  is  preserved 
in  the  stony  matter,  often  to  the  very  anatomy;  espe- 
cially in  wood  aud  coral  converted  into  chalcedony. 
In  other  instances,  the  process  is  incomplete,  or  a  part 
of  the  orig^inal  remains,  easily  discoverable  hy  sulphuric 
acid,  when  not  visible,  especially  if  it  be  a  vegetable; 
as,  in  shells,  where  those  hecoine  chert,  the  animal 
nmttcr  is  sometimes  united  to  the  flint,  and  can  also 
generally  be  detected  by  chemical  means. 

Each  of  these  classes  of  bodies  arc  petrified  by  sili-.^ 
•ceous  and  by  calcareous  matter.     The  former  is  either 
quartz,  fliut,  chert,  chalcedony,  or  opal :  and  the  other 
may  be  pure  cai'bonat  of  lime,  as  it  may  also   he 
argillaceous,  or  cherty.     If  shale  has  been  considered 
as  a  petrifying  substance,  its  produce  is  more  properly 
ranked  with   casts.     If  metallizations,    as    they   are 
termed,  arc  to  be  included  here,  they  are  nearly  li- 
mited to  pyrites  in  the  animals,  though  snlphuret  of 
mercury  has  been  mentioned.     But  bog  iron  ore  and 
phosphat  of  iron  may  be  also   ranked  with  these  iu 
the  case  of  vegetables.     I  know  not  that  bitumini- 
xation  should  have  a  place  here ;  bnt  it  is  at  least 
an  analogous  fact,  to  which  some  writers  have  given 
a  place.     Lastly,  it  has  been  said,  that  ostrea?,  gry- 
phites,  tcrcbratulcE,   corals,  and   serpula?,  have  com- 
monly preserved   their   shelly  matter,  when    porcel- 
lanites,  volutes,  and  others,  have  lost  it,  that  echinitcs 
and  encrinitcs  are,  particularly,  converted  into  cal- 
careous  spar,  that  ammonites  and  others  vanish,  and 
•that  Iwleninitea  outlast  those  which  they  accompau^. 
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prespntin^  also  a  radiated  crystal lization.     lUu  these 
facts  are  not  stifticienlly  generaliz-ed  to  allow  of  any 
conclnsions:  if  there  are  such  leading  cifects,  we  must 
probahly  seek  the   causes  in  the  history  of  the  rocks 
themselves,  not  in  the  nature  of  the  ot^Hiiic  bodieiiii  r 
Incmstations   must  not  be  confounded  with  petri- 
factions.    In  this  case,  the  organic  body   is  siniply 
involved;  and  these  are  also  generally  of  recent  date. 
On  the  great  scale,  they  are  all  calcareous,  and  are 
without   interest,   except   where   they   occur  in   the 
travertines  of  Italy,  where  they  have  often  given  rise  to 
errors  of  moment.     But  there  arc  two  of  a  di0erent 
uaturc  which  deniund  notice,  though  the  interest  is  of 
a  limited  nature. 

I  have  proved,  in  the  Geological  Transactions,  what 
had  been  denied,   that  minute  vegetiibles  were  prc- 
■served  in  chalcedony,  as  I  have  there  e(|ually  proved 
it  of  insects.    These  are  the  so-called  moss  agates: 
^ut  care  must  he  taken  not  to  confound  chlorite  with 
these  remains,  it  being  the  cause  of  the  appearances 
reseinbling  conferva;;  crystallizing  thus,  by  the  con- 
tinued superposition  of  its  scales.     In  my  collection, 
three  or  fonr  mosses,  one  possibly  u  Jungermannia,  and 
a  Lichen,  admit  of  no  dispute;  as  it  is  c(|iial]y  easy  to 
account  for  the  fact,    by  the  familiar  inBltration  of 
chalcedony  into  open  cavities.     Jn  the  same  manner, 
insects   may  be  entangled;  and  thus  have   two   ex- 
amples occurred,  my  own  a  leptdopterous  Pnpa.     It 
is  also  said  that  an  insect  has  been  found  in  menilithe. 
Insects  ore  sometimes  also  incrusted  with  uiubcr,  as  is 
miliar.     The  remains  in  chalcedooy  may  be  of  any 
l^iotteni  time:  but  those  in  amber  must  be  as  uld  as 
the  lignites  of  the  older  alluvia  with  which  they  occur. 
The  explanation  of  this  is,  also,  easy:  tlie  substance 
is  tbf  resin  of  fortner  trees,  bitHininizvd.  as  the  wood 
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ba>  boon:  aiid  this  explanation  of  the  real  nature  of 
amber,  so  long  diRputcKl,  is  confirmed  by  the  scinibi- 
tuminization  of  sijiiilar  resins  in  later  strata,  accom- 
panying', similarly,  semibituminized  wood,  as  1  for^ 
merly  explained  in  diiferent  papers  on  these  subjects. 
Tlie  existing  resins,  equally  including  insects,  resemble 
these  fossil  substances  so  niuc:h,  as  to  be  constantly 
sold  for  amlier,  and  not  always  from  fraud,  but  from 
ignorance:  but  the  test  is  easy,  as  I  have  shown  in  a 
'pa]>er  on  this  subject  in  one  of  the  journals. 

Of  the  Hocks  in  which  organic  Fossils  occur. 

This  forms  an  important  rjnestion  in  geology :  thpy 
nbound  in  some,  and  arc  absent  from  others ;  while  it 
will  l>e  anticipated  that  they  sliouM  occur  in  the  stra- 
tified, and  be  excluded  from  the  unstratified  rocks. 
And  such  is  tlie  fact.  No  one  has  imagined  that  they 
could  occur  in  granite ;  but  they  who  desired  to  make 
the  trap  rocks  of  aqueous  origin,  have  pretended  to 
find  them  in  those.  It  is  necessary  to  show  what  the 
error  and  the  trnth  are.  Nor  can  they  be  expected  in 
Serpentine  or  in  Diallage  rock ;  for  1  have  proved 
that  these  also  are  rocks  of  fusion. 

They  may  exist  in  the  tufas  of  this  family,  because 
these  arc  conglomerates,  often  transported,  and  often 
aqueous:  It  is  the  very  case  of  Pompeii  in  anollier 
form;  and  thus  is  bituminized  wood  fotind  under  and 
in  the  solid  trap  of  the  Western  Islands  of  Scotland; 
but  when  in  the  latter  case,  it  is  found  in  the  midst  of 
entangled  tufas.  When  said  to  have  occurred  in 
basalt,  this  is  the  error  of  ignorance:  the  indurated 
shale,  or  Lydian  Stone,  beneath  it,  has  been  mistaken 
for  that  substance,  as  I  have  proved.  If  n  shell  should 
even  be  found  in  a  real  basalt,  as  hns  been  said  to 
have   occurred,  this  is  possible,  because  ha^v\V\\c  ncwa 
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often  CHlangle  fragincuU  of  limestone;  and  might 
llins  include  a  fossil  shell  also.  Such  an  occurrence 
will  probably  however  prove  rare,  as  it  will  also  leave 
ihf  prc-sent  rule  intact. 

If;  now,  the  stratified  rocks  do  not  always  contain 
organic  fossils,  the  reasons  fur  the  exclusion  will  irn- 
niediati'ly  appear,  in  each  case.  (Generally,  these  are, 
that  some  strata  may  have  existed  before  the  creation 
of  organic  beings,  that  some  have  uiidci^one  changes 
destructive  to  them  and  to  their  remains,  that  »ume 
earths  are  unsuitable  to  their  habits  as  places  of  resi- 
dence, that  deposits  of  stony  or  eartliy  matters  must 
often  have  been  made  iu  too  short  a  time  to  permit  of 
their  uiultiplication,  that  even  the  present  sea  does  not 
every  where  contain  the  living  beings,  and  that  there 
inuHt  have  been  antient  situations  and  circumstance* 
where  they  did  not  exist  as  such. 

Tlieir  existence  in  the  strata  is  easy  of  explanation. 
The  marly  deposits  of  a  lake,  or  an  oyster  bank  in  the 
sea,  arc  the  preparationct  for  future  rocky  strata  of 
organic  fossils,  as  their  powder  forms  compact  lime- 
stones, and  their  sand  oohthes ;  the  latter  produced 
daily  under  onr  eyes.  It  is  equally  obvious  that  tl»ey 
must  predominate  in  limestones,  since  they  have 
generated  those,  and  that  thoy  should  occur  in  shale 
rather  than  in  sandstone,  because  living  shells  do  the 
same,  or  inhabit  mud  in  preference  to  sand.  If  they 
are  colonial  in  rocks,  so  are  they  in  the  sea ;  if  inter- 
mixed, we  have  still  their  living  models,  in  a  state  of 
intermixture.  The  secondary  marine  strata  are  thus 
their  principal  seats;  and  why  they  should  occur  in 
the  tertiary  oucs  and  the  alluvia,  is  too  obvious  to 
require  a  word.  If,  in  the  days  of  geological  igno- 
rance, they  were  thought  limited  to  the  secondary 
^H^rmtiij  that  time  is  past;   ihougli,  ever  unwilling  H^ 
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sutronJiT  an  hypothesis,  and  t«nacious  of"  it  in  propor- 
tion to  iu  weakness,  Geologists  have  invented  the 
term  transition,  partly  to  preserve  this  fanciful  rale, 
lliey  arc  abnudant  in  the  latest  argillaceous  schists 
and  limestones  of  the  priuiary  series  ;  drawing  that 
line  at  the  old  red  sandstone. 

In  proeeeding  to  consider  the  individnal  strata,  I 
may  first  remark  that  organic  fossils  liave  never  oc- 
curred in  gneiss  or  in  uiicaecous  schist;  as  was  tu  be 
expected,  at  least  in  the  pi-edominant  cases^  from  the 
theory  of  those  rocks  formerly  given-  Yet,  as  the 
latter  rock  is  sometimes  formed  of  fragments,  it  is 
possible  that  ihey  should  be  found  in  it.  We  have 
no  right  to  decide  on  the  uou-existence  of  luiimals 
during  this  early  stage  of  the  earth,  because  wc  have 
not  fonnd  them.  'ITiougb  this  rock  lias  been  exposed 
to  heat,  the  shells  ot  shale  are  not  always  obliterated 
under  the  same  ci re nni stances.  If  we  make  rules  of 
this  kind,  we  shall  never  search,  and  never  know: 
when  we  decide  from  negative  evidence,  we  make  our 
ignorance  the  measure  of  what  is.  This  negative 
evidence  as  to  an  early  creation  is  otherwise  worthless; 
because,  even  in  tiic  secondary  strata,  organic  bodies 
are  seldom  found  in  siliceous  rucks,  and  bccanse  there 
is  an  evident  comparative  rarity  of  animal  fossiU  in 
retroceriing,  as  would  be  proved  by  the  scarcity  of 
primary  limestone,  were  there  no  other  evidence. 

This  is  the  hypothetical  suggestion  of  a  donbt  as  to 
one  of  tlic  great  rules  of  Gefllogists:  it  must  now  be 
u»kcd  whether  there  be  not  evidence  from  which  to 
conjt»cture  an  organic  creation  of  even  this  early  date. 
They  huve  been  unwilling  to  seek  it,  on  account  of 
their  hypothesis,  or  even  to  adun't  (he  possibility,  when 
produced.  Anthracite  is  coal,  and  it  is  found  in  the 
oldest  rcK'ks;  while,  under  this  hypothesis,  it  has  bc^ti' 
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esteemed  a  pure  and  proper  mineral  substance.  It  isj 
not  carbon  under  its  scminietallic,  and  therefore  morej 
obviously  mineral  form  of  plumbago,  at  least;  yet  I 
even  this  might  he  the  produce  of  vegetables,  since  itj 
is  daily  formed  from  coal  in  the  Iron-furnace. 
Anthracite  is  not  to  rank  with  vegetable  coal  beeansej 
it  contains  no  bitumen,  this  is  equally  true  of  nn- 
doubted  vegetable  coals,  in  Pennsylvania  and  else- 
where. And  therefore  the  early  anthracite  may  be,j 
and  probably  is,  an  organic  produce,  and  the  rccoi 
of  an  antient  vegetable  creation  ;  while  its  very  rarity] 
is  an  argument  in  favonr  of  this  supposition. 

Calcareous  concave  bodies,  precisely  resemblingl 
fragments  of  shells,  occur  in  hornblende  schiat' 
in  Scotland,  in  Glen  Tilt,  not  distinguishable 
from  those  of  the  basaltic  shales :  had  they  been 
fouud  in  a  modern  shale,  no  question  would  have 
been  entertained  as  to  their  nature.  This  is  the 
more  remarkable ;  as,  under  no  other  circumstance, 
does  lime,  as  a  visible  ingredient,  occur  in  this  cry- 
stalline rock  of  fusion.  I  have  proved  that  homblcnde 
schist  is  a  fused  slate ;  and  thus  might  it  as  well  con- 
tain shells,  under  that  fusion,  as  the  Lydian  stones, 
equally  fused  or  semifxised,  so  often  do.  This  is  a 
second  evidence  of  an  early  creation,  the  first,  of  ve- 
getables, and  the  second  of  animals  ;  the  one  supports 
the  other,  and  they  arc  conBnned  still  further  by  a 
third  fact.  These  are,  the  existence  of  orthoceratites, 
abundant  in  a  quartx  ro£k  in  Sutherland,  which  follows 
gneiss  and  is  connected  with  it.  And  1  consider 
this  evidence  to  be  as  perfect  as  we  are  entitled  to 
expect  on  such  a  subject,  from  the  researches  of  one 
individnal,  nnderthe  neglect  of  all  other  obsen'ers.  In 
any  case,  where  no  previous  hypothesis  to  the  con- 
*  :tf^  had  existed,  no  one  would  hesitate  in  receiving  it. 
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If  a  recent  gcolugi  St  has  undertaken,  in  the  last 
"case,  to  exphiin  otherwise  what  lie  never  saw,  because 
he  preferred  antient  iguoranee  to  modern   truth,  he 
has  also  forgotten  that  tlie  secondary  and  the  primary 
strata  never  can  undergo  a  joint  undulation:  he  could 
not  have  heeii  ignorant  to  this  extent^  though  his  re- 
searches had  been  confined  to  the  recent  suata:  it  has 
heeu  the  oversight  of  anxiety  for  an  hypothesis.     And 
geologistit  would  be  better  employed  iu  seeking  for 
aew  truths,  than  iu  determining  what  i$>  because  they 
think  that  it  ought  to  be.    If  this  is  to  be  the  rule,  all 
ohsei'vation  is  useless  :  he  who  has  seen  nothing  bc- 
coineii  the  interpreter  of  everytliiug,  and  interprets  as 
he  had  previously  statutcd  to  do :  (icology  is  attained, 
and  we  may  rest  from  our  labours.    But  if  it  is  thus 
to  become  a  Science,  it  is  the  first  that  ever  succeeded 
through  this  road.     I  owe  this  remark  to  the  Geolo- 
gical student,  whom  I  have  nudertaken  to  teach  in  all 
that  I  know  myself,  and  whom  \i  is  my  duty  to  guide 
where  he  has  been  misled. 

Organic  fossiU  ougtit  to  be  found  in  the  primary 
limestones;  and  they  are  so,  if  we  exclude  the  false 
distinction  already  noticed.  If  they  do  not  occtU' 
iu  the  olde^jt  ones,  the  explanation  is  easy.  This  suh- 
stjmec  is  remarkably  fusible;  and  1  have  shown 
thai,  it  has  been  locally  fused  by  Trap,  in  Sky  and  the 
I.sle  of  Man,  to  the  obliteration  of  those  fossils  which 
abound  in  other  partis  of  the  same  stratum.  x\iid  the 
earlier  limestones  have  bcai  most  exposed  tu  heat. 
The  occurrence  of  organic  fossils  in  the  argillaceous 
schist  is  notorious.  And  this  terminates  the  primary 
series :  while  the  conclusion  is,  that  it  docs  contain 
organic  fossils,  abundantly  in  its  upper  parts,  with 
sMtlicient  indications  in  its  lower  ones;  thus  pointing 
i.^!)a, living  creation  aH  old  as  ftr\y, rocks  that  we  kaoW) 
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Tfvlule  the  causes  of  a  scantj^  evidence  of  this  kind  ai-ei 
obvious.  We  may  allow  that  the  living  animals  wei 
less  numerous  and  abundant  at  the  earlier  periodsjj 
and  the  rarity  of  primary  hinestone  is  a  sufficient  pre 
of  this;  but  thai  is  all.  And  if  also  the  whole  of  thi 
primary  series  was  formed  beneath  the  water  at  oi 
period  of  repose,  as  appears  true  from  the  pamllclismj 
of  the  strata,  it  would  be  an  extraordinary  conclusion] 
that  a  creation  should  have  occurred  laic  in  tliat  pc-r 
riod,  and  not  at  its  commencement,  as  has  been  th«J 
case  a|7parcnt]y  in  all  the  successive  ones. 

In  the  secondary  series,  organic  bodies  are  rare  in] 
the  lowest  sandstone.    And  this  is  intelligible,  bfcans€^J 
at  80  early  a  date  after  a  great  revolution,  they  coal( 
not  have  abounded  in  the  ocean  ;  while  it  is  probable  I 
also  that  much  of  this  deposit  consists  of  antieiU  ter-* 
restrial  alluvia,  produced  in  a  manner  I  shall  hereaftetd 
explain.       Hitherto,     with    the   probable    exception] 
of    Anthracite,    every  fossil    is    marine ;     and   tliii 
continues  through  the  next,  or  raounUiin  limestone, 
where  they  become  abundant;  because,  Uke  all  other 
secondai-y  limestones,  it  has  Ix-en  formed  from  their 
remains,  as  it  could  not  indeed  have  been  produced 
from  any  other  source.     But  here  the  exclusion  ter- 
minates, and  licre  also  commence  terrestrial  vegetables 
a»  well  as  animals.     Whether  they  existed  as  living 
-ones  before  this,  we  do  not  know ;  and,  again,  ought 
not  to  decide  that  they  did  not,  from  negative  evidence. 

The  coal  strata  arc  here  the  great  depository  of 
terrestrial  oi^anic  fossils;  of  plants  and  fresh-water 
shells:  and  I  need  not  distinguish  these  strata  further, 
than  to  say  that  the  fossils  occur  chiefly  in  the  shales, 
and  in  the  hmestones,  when  any  are  present;  as  ve- 
getable fragments  in  the  shape  of  charcoal  are  found 
in  the  coal  itself,     In  the  magnesian  limestone,  they 
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are  Htnitt'd  iu  number,  and  are  again  marine.  The 
red  marl  sandstone,  like  the  inferior  one,  contuin» 
very  few:  and  there  may  be  special  reasons  for  this, 
since  there  are  peculiarities  respecting  this  stratum, 
which  I  shall  speak  of  hereafter.  I  have  already 
noticed  the  intermixture  of  terrestrial  and  marine 
remains  in  the  lias  series;  and  If  it  is  at  present  one 
of  the  supposed  geological  difficulties,  this  will  he  a 
subject  for  after  inquiry.  That  series  luis  been  more 
boldly  described  than  well  understood;  as  it  has 
been  confidently  transferred  to  other  countries, 
under  the  favourite  hypothesis  of  universal  for- 
mations. It  is  scarcely  necessary  to  proceed  further 
in  the  same  detail.  Organic  fossils  ought  to. occur 
abundantly  in  the  e(|nally  abused  and  hypothetical 
Oolithe,  and  they  do  so:  as  they  do,  much  less  abun- 
dantly, in  the  no  less  hypothetical  Green  sand,  l>c- 
coniing,  finally,  abundant  in  the  Chalk. 

I  have  only  to  remark  lastly,  of  all  these  strata,  that 
these  fossils  are  occasionally  absent  iu  some  places 
while  abundant  in  others:  but  that  all  these  differences 
can  be  explained  throngh  simple  considerations,  *vhich, 
after  all  that  I  have  already  said,  it  would  he  super- 
fluous to  suggest. 

So  recently  as  I  have  described  the  tertiary  forma- 
tions, I  need  not  repeat  what  concerns  tlieni  in 
this  respect.  The  alluvial  soils  contain  the  chief 
remains  of  the  larger  and  more  perfect  ter- 
restrial animals,  yet  very  partially  situated ;  and  1  need 
not  heiv  distingnish  among  the  ({nalities  or  origins  of 
these,  nor  at  present  notice  such  remains  of  mixed 
origin  as  they  may  include.  With  the  loose  alluvial 
matters  may  also  be  comprised  what  I  have  here 
termed  alluvial  rocks,  however  existing.  And  those 
which  have  been  formed  iu  fissures  or  cavities,  oc  \v^ 
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any  other  manner,  from  cemented  fragments,   snch  at| 
the    oi^nic    roclcs  of    Gibraltar  nnd  of    Dalmatian  i 
abound  in  the  remains  of  terrestrial  animals,  as  tbtf  I 
Travcrtinos    often    contain  vegetable  and   terrestrial 
shells.     If,   lastly,  1  may  include  amon^  llie  alluv-ial 
deposits,    those  loose  substances   found   in    eavems^' 
these  are  also  the  frefjucnt  notorions   repositories  of] 
some  of  the  moirt  remarkable  animal  remains   which' 
have  been  discovered.    Aitiving  above  the  later  gravelj 
and  sand,  and  iit  the  peat,  the  fossil  remains   intro-' 
dnce  us  to  our  own  living  world.      And  thus  also  ar*j 
we  introduced   to  it  by  the  fossil  shells  of  recently] 
drained  or  existing  lakes,   and  by  those  terrestrial  and 
superficial  deposits  of  shells,  resembling  soft   chalkj 
iutevmixcd  with  these  objects,  the  existence  and  na- 
ture of  which  I  6rst  pointed  out  in  Perthshire,  trtj 
those  who  have,    many   years  afterwards,    made  th«| 
"  original    discovery."      The  celebrated   human  ske*) 
letoiis  of  Guadaloupe  are  the  same  geological  fact  in 
another  form  :  a  recent  oolithc  is  but  an  induratedj 
alluvium. 

Of  the  Order  of  Succes.simi  and  relative  Antuptiiy 
organic  jTossilji. 

It  has  been  supposed  that  a  certain  order  existed 
among  the  species  of  organic  fossils,  under  relations 
to  a  definite  saccession  among  the  strata ;  but  this 
includes  two  points  of  considerable  importance,  the 
one  relating  to  the  organic  creation  itself,  the  other 
to  its  geological  relations.  The  last  will  form  a  se- 
parate section  hereafter. 

1  shall  not  insult  the  common  sense  of  the  reader 
by  retailing  the  dreams  of  writers  respecting  organic 
molecules  and  the  gradual  iniprovciuent  of  species. 
For  this  miserable  progeny  of  an  atheistical  Creek 


philosophy,  he  may  consult  Lamarck,  De  Maillet,  and 
others  :  to  be  ingenious  were  something,  and  there 
is  attraction  in  novelty  ;  hut  fiction  and  folly  that  are 
alike  dnll  and  stale,  do  not  deserve  even  criticism. 
But  more  suber  imjairers  have  conceived  that  the 
earlier  species  of  animals  were  less  perfect  than  the 
more  recent,  and  have  imagined  a  gradual  Improve- 
ment in  their  organizations;  as  they  have  further 
presumed  on  a  gmdually  increasing  number  of 
genera  and  species.  These  (jnestions  must,  how- 
ever, be  determined  by  facts,  not  by  speculative 
reasonings.  It  is  plain  that  any  theory'  of  this  nature 
must  labour  under  the  radical  fault  of  deficiency  of 
evidence.  Though  we  follow  u  succession  according 
to  the  order  of  the  strata,  it  teaches  nothing  on  these 
subjects,  because  of  its  imperfection,  particularly  in 
the  more  remote  strata,  where  we  know  not  what  lias 
existed.  If  we  even  suppose,  as  has  been  said,  that 
the  first  animals  were  solely  marine,  and  limited  to 
corals  and  shell  fishes,  there  are  not  facts  to  prove 
this.  All  the  strata  were  formed  under  the  sea,  and 
could  contain  only  marine  remains,  except  under  rare 
accidents.  It  will  be  so  in  the  rocks  now  forming. 
The  animals  thus  snpposed  exclusive  Imve  also  pecu- 
liar powers  of  durability,  while  the  higher  organiza- 
tions are  perishable ;  especially  so  under  such  changes 
as  the  earlier  rocks  have  undergone ;  so  that,  for  all 
which  this  imaginary  evidence  proves,  the  earlier 
ocean  might  have  teemed  with  as  great  a  variety  of 
life  as  the  present  one,  as  there  might  also  have  been 
an  inhabited  earth.  I  repeat  what  1  have  often  urg<ed 
before:  we  are  trying  to  measure  truth  by  our  own 
ignorance :  the  usual  proceeding  of  ignorance  united 
to  vanity. 

But  the  question  as  to  land  animals  must  be  furthei: 
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examined :  a  stronghold  has  here  been  ereoU^d  oni] 
nitid,  in  a  literal  a«  vmM  as  a  metapltorical  sense; 
With  the  few  exceptioHH  already  noted,  their  remain* 
iirc  now  found  in  alluvial  soils,  on  the  land  ;  and  it 
conid  not  have  been  otherwise  in  former  times.  If 
rivers  deposit  the  materials  of  fntnre  rocks  under  the 
sea,  they  very  rarely  carry  Thither  the  bones  of  land 
animals.  The  geologists  of  a  future  earth  might  de- 
termine, as  we  do  now,  that  marine  animals  alone 
had  formerly  existed.  If  animals  are  to  be  preserved 
in  rocks,  for  futurt^  ages,  they  must  be  preserved 
where  they  died.  Hence  is  it  that  we  find  the  re- 
mains of  amphibious  animals,  and  not  those  of  ter- 
restrial ones ;  for  the  same  would  happen,  or  does 
happen,  at  this  very  day.  They  were  enclosed  at 
once  in  mnd,  like  shells,  and  presented  Ironi  de- 
struction. And  hence  the  simple  solution  of  the  won- 
derful mysteries  of  the  Lias  and  its  Lizards,  which 
are  to  prove  equally  wonderful  mysteries  about  an 
antient  earth.  There  was  a  dry  earth  long  before 
and  long  after  these  beds  ;  or  whence  are  the  strata 
from  Coal  to  Chalk  ?  He  who  can  believe  that  this 
earth  contained  nothing  but  Lizards,  and  during  one 
period  only,  has  thought  too  much  of  his  specimens; 
what  could  be  preserved  has  been  embodied  in  stone, 
and  all  else  has  perished  :  it  has  ever  Iierii  ho,  and 
ever  will.  The  preserved  animals  differ  from  ibe 
present ;  that  is  all ;  but  that  is  a  separate  question. 

This  was  the  essential  preliminary  (picstion  ;  for  it 
was  that  of  the  valne  of  the  Evidence.  If  we  now 
examine  the  preserved  animals,  they  do  not  prove 
any  thing  as  to  a  successive  improvement  of  organi- 
zations. There  are  identical  or  corresponding  genera 
in  the  mo&t  antient  and  the  most  recent  strata.  Kchi- 
uites,    chainiles,    tcltiniteb,    ammonites,    and  others, 
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otvnr  in  the  primary  schists  and  iu  abuost  every  one 
of  the  superior  strata.  Madreporitcs,  terebratulites, 
belenmilcs,  and  orthoceratites  are  found  in  the  oldest 
sandstone  and  in  the  chalk.  1  might  fill  a  page  with 
8nch  examples :  but  the  reader  can  do  this  from  the 
catalogues  of  those  who  have  asserted  the  very  re- 
verse. As  far  as  such  imaginary  improvement  con- 
cerns terrestrial  and  large  animals,  the  answer  has 
been  already  jpven.  All  the  evidence  is  against  the 
hypothesis  in  the  one  case ;  and,  in  the  other,  there 
is  no  evidence  but  that  which,  as  negative,  is  nothing. 
The  assertion  as  to  a  numerical  increase  of  species 
labours  under  the  same  want  of  correct  evideueo.  We 
do  not  possess  the  species :  and  the  known  compa- 
rative destruction  of  the  more  antient  ones  is  a  fatal 
i^orancc  as  to  any  conclusions.  If  anyone  supposes 
a  gradual  and  successivn  creation  of  species,  he  ougtit 
to  give  reasons  for  that  which  is  a  metaphysical  and 
theological  conclusion  :  it  is  a  subject  on  which  we 
liavc  no  facts  but  the  history  of  our  own  Creation, 
ood  tliat  does  not  countemmcc  such  a  theory.  We 
can  understand  an  increase  after  each  revolution,  and 
this  is  highly  probable;  but  those  augmentations 
roust  be  limited  to  those  changes  and  new  conditions 
of  the  earth's  form.  As  fur  as  the  visible  facts  exist, 
there  is  an  increase  between  the  earliest  and  the  latest; 
but  there  is  no  evidence  of  a  gradual  one,  since  tlicre 
are  more  organic  fossils  in  the  primary  schist  than  in 
the  red  marl ;  to  adduce  no  other  facts,  qnitc  fiimiliur, 
such  as  the  Lizards  of  the  lias,  the  vegetables  of  the 
Coal  strata,  and  so  on^  wanting  in  every  stratum 
lieyond  these.  The  incre:ific  of  numbers,  which  is  a 
fact,  on  the  whole  scries,  though  not  a  fact  as  gra- 
dation is  concerned,  is  understood  from  what  has 
been  formerly  said. 
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It  is  asserted  that  genera  an  well  as  species  change 
with  the  strata.     That  is  not  tnie  ;    the   answer 
given  already  in  comparing  the  lower  tuid  the  higher;,^ 
it    might    be    rendered  overwhchning  from   anv   ca^ 
taloguc.     But  this  question  will  recur  io  another  sec-, 
tion. 

Respecting  the  relative  antiqtiity  of  different  anif  j 
mals,    it  is  imagined    tliat  the   oviparous    are   uiorCr 
antieut  than  the  viviparous  quadrupeds,  and  that  tlicy 
existed  together  with  iislies  only-     And  because  o^' 
certain    succeesions  of  these    found    in  the  tertiary 
strata  of  Paris,  different  imaginary  dates  have  been 
assigned  for  certain  sets.     1   hope  that  1   have  an- 
swered what  relates  to  the  oviparous  animals  ;    yet  ib] 
is  painful  to  see  an  able  philosopher  drawing  bu( 
conclusions  from  such  facts.    But  there  seem  to  he  noil 
limits   to  the  influcuce    of   hvpotlieses,    when    they 
could  make  even  this  philosopher  forget,  in   his  owqiJ 
peculiar  department,  that  a  bog  possessed  a  divided 
hoof. 

Of  the  Connexion  between  Fossil  and  living  organic 
Bodies,  and  of  Extinctions. 

If  it  was  ODcc  thought  tliat  no  fossil  organic  beds 
corresponded  to  a  living  unc,  this  supposition  has 
been  disproved.  Bat  it  is  said  that  this  correspondence 
is  little  or  nothing  as  to  the  more  antient  species,  and 
ttiat  the  resemblances  increase  in  proceeding  upwards, 
tiU  in  the  most  recent,  the  fossil  and  tbe  Uving  are 
identitml.  But  the  evidence  is  unsatisfactory,  on 
nearly  the  same  grounds  as  before,  our  ignorance,  and 
chie6y  as  to  wliat  is  existing  in  the  present  ocean.  It 
is  also  not  philosophical  to  seek  for  living  resem- 
blances to  tobsll  bodies  in  the  nearest  seas,  and  to  decide 
on  Ihe  extinction  of  the  latter  from  tlic  absence  of  the 
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former;  since  we  do  not  know  what  the  past  con- 
ditions of  the  earth  were.  Recent  researclica  have 
discovered  more  resemblances  than  were  once  thonght 
to  exist,  and  furtiier  oucs  will  probably  add  to  these. 
If  indeed  the  remote  revolutions  destroyed  all  the 
existing  races,  we  might  conclude  that  all  the  distant 
ones  were  extinct;  yet  we  could  not  even  then 
prove  the  asserted  want  of  correflpondence,  withont 
assuming,  what  we  can  never  know,  that  new  ones 
were  not  produced  on  the  sanie  models.  Hie  former 
is  a  difticult  question  of  gcologT^;  the  latter  i$  upiirely 
metaphysical  and  vain  spccniation.  It  is  better  to 
examine  the  facts,  imperfect  as  they  are,  and  to  rest 
on  them  for  the  present.  Yet  there  arc  ditHcultics 
and  uncertainties  in  such  investigations,  founded  on 
the  ignorance  of  natnralists  as  to  the  genera  of  Nature; 
while  they  perpetually  forget  that  their  own  are  ot^en 
arti&cial,  the  conveniences  of  Nomenclature;  even 
forgetting  their  own  laudable  anxiety  to  discover  tbe 
real  plan  of  Creation. 

A  few  facts  must  here  aufiice.  Echini,  terebratulae, 
turbines,  cbams  and  tellinu!,  occur  as  existing  general 
and  are  also  fonnd  in  the  primary  argillaceous  sehi;*!. 
Anoraiae,  patellae,  nautili,  and  crabs  are  linng  genera, 
and  also  fossils  iu  the  lowest  limestone.  In  tlie  lias, 
chama,  donax,  helix,  trocbiis,  usteria,  and  umny  more, 
are  living  genera;  and  proceeding  upwards  to  the 
chalk,  we  find,  of  the  latter,  balauus,  pholas,  bnc- 
cinnm,  turbo,  patella,  pccten,  mnrcx,  pinna,  and 
others,  logctlier  with  tortoises,  besides  the  amphibia 
formerly  mentioned.  Any  catalogue  will  furnish 
further  generic  identities.  That  of  De  France,  gives, 
among  other  conclusions,  a  hundred  and  ninety  six 
genera  living  and  Ibsbil  both,  and  a  hundred  and 
fourteen  fossil  only.  Whatever  interest  to  /oology  llw 
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reinaiiuler  may  possess,  they  have  no  great  bearing 
on  the  subject  before  us;  and  when  a  contrast  is 
drawn  between  the  number  of  corals  and  shells  in 
the  fossil  stfttCj  and  tliose  of  the  pteropodes  and  others 
in  the  living  one,  it  is  plain  that  this  is  a  question 
of  preservation  simply,  not  of  existence.  But  the 
reader  can  consult  for  liiraaulf.  I  selected  the  6rst 
part  of  tbc  short  preceding  catalognc,  Ijccause  each 
set  lies  beyond  great  revolutions  of  the  earth,  and  the 
former  beyond  tlirec  at  least.  If,  instead  of  genera, 
it  is  to  l»e  a  (jnestion  of  the  correspondence  of  species, 
the  evidence  is  imperfect,  for  these  reasons.  The 
fossil  animals  arc  rare  at  distant  periods  of  the  earth, 
the  specific  distinctions  are  often  destroyed,  and  we 
do  not  even  know  the  existiog^  species,  without  which 
all  evidence  is  nugatory-  And  accordingly,  witli  the 
exception  of  three  or  four,  chiefly  tercbratuia?,  before 
the  chalk,  there  are  no  correspondences  till  we  arrive 
at  the  tertiary  strata,  while  for  these,  cumbersome 
bere,  I  must  also  refer  to  the  catalogues.  And  let  it 
also  he  remembered,  that  \vc  have  no  right  to  reason 
ns  to  the  entire  globe  from  a  limited  spot;  for  this 
cannot  possibly  be  a  rule  for  the  whole  earth,  whatever 
an  indolent  convenience  which  decides  without  ex- 
amining, or  an  hypothesis  which  knows  before  it 
has  learnt,  or  "National  vanity"  may  think. 

Of  the  larger  animals,  the  most  recent  of  fossil 
remains,  and  comprising  upwards  of  eighty  species, 
eleven  or  twelve  are  thought  to  be  existing,  sixteen 
or  eighteen  are  snpposed  doubtful,  and  the  remainder 
have  no  known  parallels ;  while  there  is  now  no  great 
prolmbility  of  discovering  many  new  quadrupeds  of 
large  si/e.  )Jut  it  is  difficult  to  perceive  what  re- 
lation these  latter  facts  possess  to  geology.  They 
seem  pure  questions  of  Zoology:  but,  unfortunately, 
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geologists  Uaxi:  iiitnided  too  Far  into  tlii»  branch 
uf  natural  history,  lad  on  from  the  earlier  foiiiiils,  »nil 
thus  must  they  torment  every  fail  to  suit  some  geo- 
iogical  hypothesis.  In  Cuvicr,  and  in  nnuc  recent 
writings  on  this  subject,  the  reader  will  tind  the  zoo- 
logical details  which  do  not  )>clong  to  a  work  of  the 
present  nature. 

Geology  however  is  interested  in  inc|uiring  into  the 
causes  of  these  disappearances,  though  pruliably  less 
concerned  in  them  than  some  visionary  writers  have 
thought.  In  such  cases  as  those  of  the  lias,  the 
solution  is,  obviously,  to  l>c  soui^ht  in  early  peculiu- 
tities  of  the  earth's  surface.  It  is  also  easy  to  under- 
stand how  animals  should  have  been  destroyed  by 
such  partial  revolutions  as  those  of  Italy;  as  that 
may  explain  some  facts  of  this  nature  respecting  tlic 
basin  of  Paris,  presuming,  that  this  luis  undergone 
similar  or  analogous  elevations.  It  is  plain  also,  that 
no  such  change  could  have  taken  place  in  Italy,  with- 
out affecting,  perhaps  all  Europe,  and  even  much  more, 
in  the  neighbouring  continent;  since  far  inferior 
occurrences  of  this  nature  in  Sonth  America  have 
produced  wide  destruction :  while  it  would  not  be  a 
very  extravagant  supposition  that  the  elevation  of  the 
Paris  basin,  that  of  the  Isle  of  Wight,  perhaps  of 
Auvergue,  and  probably  of  other  si}ots  yet  to  be  dis- 
covered, were  all  connected  with  this  great  partial 
revolution,  in  some  manner,  though  it  is  not  necessary 
that  it  should  be  limited  to  one  shoi-t  period.  I  for- 
bore to  suggest  this  formerly,  lest  I  should  alarm  the 
reader  with  too  many  novel  suggestions  at  once:  but 
if  true,  it  is  the  explanation  of  the  loss  of  species  and 
genera  both,  as,  even  in  a  more  limited  manner,  it  wight 
have  produced  eith<;r,  inasmuch  as  many  animals  arc 
limited  in  extent  of  residence.     Such  a  catastrophe  iu 
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New  Hollund  at  presciii.  would  produce  ibis  very  oftccld 
Au  entire  collection  of  animals,  di.stinct  also  i'roi 
every  other,  ivonld  be  extirpated  from  the  earth. 

But  it  would  be  wrung  to  apply  such  cuuscb  or  Bpcrj 
caUtions  too  widely.     Mauy  uiiiiiials   are    now 
cvming  more  concent  rated,  as  they  are  also  diininishingl 
ill  numbers,  chiefly  from  the  progress  of  man  and  the] 
cliunges   of  the  earth  which  follow  thiij,  in  change  or 
liraitatiou  of  food,  if  possibly  also,  iu  part,  from  tliciri 
mutual  interferences,    from   epizootic  di6eai»cs>  irom 
changes  of  climate,  the  destruction  of  forests,    and 
perliaps   other   causes,  unknown   to  us.     And  llius, 
probably,  without  any  geological  catastrophes,  Uar&| 
the  Dunierous  extinct  auiuaU  of  particular  regions,! 
such   as  the  elephants  of  (Germany  and  Siberia,  and 
our  own  lost  quadrupeds,  disappeiaed.     Hereafter,  i\ 
shall   have  occasion  to  recur  in  some  measure  to  thisi 
subject. 

It  is  more  easily  to  be  understood  why  thei-e  sbuuld] 
be  uo   correspondence    iietween    existing   aud    fossil! 
plants.     Tlie  latter    belong,   if  antieut,   to  the  Coal| 
Series  and  the  lias  only;  and  each  of  these  has  under-, 
gone    revolutions    which    must    have   destroyed   all! 
germs.     An    ocean  might    have   protected    what  thej 
earth  could  not.     And  accordingly,  if  analogies  have 
been  pointed  out,  that  is  all:  though  it  is  plain  that 
genera  at  least   could    not  be  thus  traced,  since  the 
character! 3ti(r  marks  are  not  preserved.     As  to   the 
tertiary  strata,  identities  ore  probable,  imd,  in  the  al- 
luvia confounded  with  these,  certain. 

I  may  conclude  with  this  general  i-emark,  that  tlie 
correspondence  of  fossil  genera  or  species  with  living  i 
ones   is  scarcely  ii  <|uestiuu  of  Geology.     The  revo- 
lutions of   the  earth   arc  proved   hy   safer  evideucc. 
There  may  ha?c  been  new  creations  following  rcvo-j 


lutioDS  and  extinctions;  but  this  is  u  question  of  the 
natural  history  of  living  beings :  as  it  is,  very  obvi- 
ously, to  inrinire  whether  the  Creator  acted  iu  one 
manner  or  in  anotlicr,  when  we  seek  to  determine 
whether  such  new  creations  differ  from  or  resemble 
former  ones. 

Whatever  remains  as  to  supposed  extinctions  of 
races  may  be  made  brief ;  and  hke  almost  all  which 
has  preceded,  it  is  chiefly  a  qnestion  of  Zoology- 
'Xlic  ammooitcs,  the  belemnttcs,  and  the  orthocera- 
tites,  arc  the  genera  vhicb  seem  most  remarkably  to 
have  disappeared,  yet  the  evidence  scarcely  exceeds  a 
probability-  As  far  as  geology  is  concerned,  it  is  in 
the  causes :  and  these,  with  the  facts  and  the  far 
more  satisfactory  evidences  of  revolations,  have  al- 
ready been  discnssed,  or  will  form  the  subject  of  the 
following  chapter.  It  is  sufficient  here  to  say,  that 
the  first  elevation  of  the  primary  strata,  furnishing 
the  materials  of  a  next  set,  a  second  elevation  which 
raised  these  above  the  water,  the  depression  after  the 
productioiiH  of  the  germs  of  coal,  and  the  subsequent 
elevation  of  all  that  is  now  above  the  ocean,  to  note 
no  more  at  present,  must  have  produced  effects  on 
the  inhabitants  of  the  earth  of  whatever  nature, 
whether  these  revolutions  were  partial  or  general, 
sudden  or  tedious,  which  could  not  have  been  but 
destructive,  whether  to  extertnination  or  not ;  thongh 
an  entire  extinction  would  not  exclude  the  repeti- 
tion of  similar  beings.  And  it  must  be  through  the 
proofs  of  these  and  the  proofs  of  their  nature,  that 
we  must  draw  onr  conclusions  as  to  extinctions  and 
renewals  of  living  creations ;  since  the  orgauic  fossil 
bodies  themselves  cannot  teach  us  what  we  wish  to 
know. 

And  I  may  end  with  these  remarks.     The  negative 
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evidence  respecting  tlie  moat  untient  races,  of  what- 
ever nature,  can  prove  iiotliiiig;  and  there  may  liave  been 
ei]uivalent  ereations,  or  an  equivalent  creation,  during 
every  condition  of  tbe  globe.  It  in  prolwible  that  there 
vfoa  ft  creation  mure  early  than  the  earliest  primary 
strata,  but  it  does  not  appear  to  have  been  so  abun- 
dant, while  the  real  criterion  lies  in  the  limestones* 
There  is  no  reason  to  infer  a  progressive  creation 
duiing  a  period  of  repose,  and  there  is  reason  tu  infer 
renewed  ones ;  titongh  there  is  none  for  concluditig 
that  such  new  one  entirely  differed  from  any  foruier 
or  the  next  preceding  one.  There  arc  evidences  of 
revolutions  so  general  as  to  have  probably  dealroyed 
all  living  beings;  but  there  arc  also  evidences  of 
partial  ones,  of  which  the  effect,  on  these,  was  also 
but  partial.  And  this  is  particularly  true  of  the  last 
of  all.  Lastly,  there  is  no  proof  of  a  progressive 
improvement  of  organizations,  because  the  only  evi- 
dence is  negative. 

Of  supposed  Changes  of  Climate  in  the  Earth. 

Geologists  have  thought  fit  to  suppose  that  the 
temperature  of  the  Earth  had  undergone  changes 
since  its  more  antient  periods,  or  that  the  climates 
had  been  interchanged  during  its  progress;  and  lliey 
have  foundcil  this  opinion  on  resemblances  between 
the  organic  fossils  of  cold  climates  and  tlic  existing 
organized  bodies  of  warm  ones.  The  question  as  to 
the  fact  depemls  therefore  on  the  value  of  the  evi- 
dence; and  1  hope  to  prove  that  it  is  worthless. 

If  the  plants  of  the  coal  strata  resemble  living  in- 
ttrtropical  ones,  and  this  be  judged  evidence  of  an 
interchange  of  climate,  it  ought  reversely  to  be  shown, 
that  the  fossils  of  the  hot  climates  rew,'mble  the  living 
species  of  the  cold  ones;  ivhicli  has  not  been  done 
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If  it  is  meant  to  prove  tlint  the  present  temperature  i» 
less  than  a  furoicr  one,  all  organic  fossils  Khould  ro 
semble  those  of  hot  climates,  which  cannot  be  shoii  n. 
Such  creations  being  admitted  to  be  distinct  ones,  the 
form  ill  f[uestion  rni^ht  us  well  have  existed  as  any 
other:  there  is  no  necessary  relation  between  that  of 
a  palii)  and  a  hi^Ii  tcmp<>raturr:  it  in  a  (juestion  of 
seniiibility,  and  that  in  uf  arbitrary  appointment. 

Uut  the  following  argument  is  decisive  as  to  these 
vegetables,  under  both  suppositions.  Coal  is  the  pro- 
duce of  peat ;  and  this  snbstance  cannot  be  formed  in 
hot  climates,  nor  ever  is  formed  from  the  present 
palms  and  ferns.  Nor  could  the  plants  themselves 
have  been  preserved  as  they  are,  in  a  hot  climate; 
because  they  are  not  so  preserved  between  the  tropics. 
Bxcept  tiirough  inundations,  no  fossil  vegetable  can 
ever  have  been  produced  in  such  temperatures,  while 
those  of  the  coul  strata  have  been  slowly  accumulated 
under  exposure  to  air  and  water. 

If  it  is  true  that  living  coraU  abound  in  hot  climates 
and  are  rare  iu  cold  ones>  and  that  the  latter  possess 
them  iu  the  fossil  state,  the  sauic  answer  is  valid. 
There  is  no  necessary  connexion  between  such  an 
aoiinul  and  a  high  temperature ;  the  appointment  is 
e<)ually  arbitrary  ;  and  as  some  also  arc  now  found  iu 
cold  climates,  so  might  millions  have  existed  in  them 
formerly.  It  is  the  same  as  to  shells  ;  while  in  these 
aUo  it  has  now  been  found,  that  many  fossil  ones  of 
cold  c)imate»,  formerly  thought  intertropical,  Ijelong 
to  genera  in  the  neighbouring  seas.  It  is  an  argu- 
ment from  analogy,  that  the  Elephant  and  Rhinoceros 
have  actually  resided  iu  cold  climates  in  former  times ; 
9ince  they  arc  thus  found  deposited  where  they  died, 
not  transported,  in  frozen  Siberia.  Geologists  have 
formed  their  theory  before  the  facts ;  and  when  these 
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have  occurred,  they  could  not  War,  as  asud,  to  aban- 
dou  them. 

Volta'a  imagined  evidence  from  Monte  Bolca  is  not 
fact :  it  is  one  of  those  statements  of  bold  ignorance 
oa  which  almO!>t  alj  geology  lias  bilbcrto  been  founded, 
as  it  is  a  specimen  of  that  geological  mar\-enous  wbicb 
has  always  been  so  attractive.  It  is  as  incorrect^  too, 
in  zoology,  as  in  all  else.  Ont  of  hi«  hnndred  and  five 
species,  Blainvillc  has  extracted  bat  ninety  ;  and  there 
arc  probably  not  more  than  sixty  in  reality.  And 
instead  of  having  been  collected,  as  he  asserts,  from 
Asia,  Africa,  and  Amcricaj  ibey  appear  all  to  be  inha- 
bitants of  the  Mediterranean;  as  is  probable  from  the 
account  of  this  deposit  formerly  given.  If  that  shotdd 
not  be  rigidly  true,  such  a  revolution  might  have  de- 
stroyed, in  that  sea,  many  that  arc  still  existing  in 
tropical  seas.  This  witness  would  long  since  have 
been  cross-examined  as  he  now  is,  if  geologists  were 
more  anxious  fur  truth  than  systems. 

If  the  Elephants  and  other  animals  now  bmied  in 
frozen  climates  have  led  to  the  same  conclusions,  this, 
as  I  have  just  suggested,  proves  no  more  than  shells 
or  corels  do.  Besides,  the  species  are  not  always 
proved  to  be  the  same;  and  thongh  they  were,  the 
dog,  the  horse,  the  fox,  the  hare,  and  many  more,  are 
fonnd  in  all  climates ;  of  convertible  habits,  like  man, 
or  originally  appointed  universal.  The  rhinoceros  is 
buried  in  Siberia,  in  the  frozen  earth  of  the  Wilui,  in 
proof  that  this  climate  was  its  residence ;  and  the 
great  Elephant  was  found  in  ice. 

It  has  been  argued  also,  that,  if  there  has  not  been 
an  interchange  of  climate,  there  has  been  at  least  an 
universal  diminution  of  temperature,  because  there  arc, 
in  Europe,  abnndant  fossil  species,  of  which  the  pa- 
rallels exist  in  tropical  seas,  but  not  in  our  own.     The 
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numerous  spccio.s  in  tlie  beds  of  Grignoiif  the  iiicla- 
nopsis,  iiaulilas,  distichoporu,  cncriniis^  olira^  coaus^ 
tubiponi,  iiiitra,  voltitu,  iierita,  puludiim,  uiid  ini'litnia, 
includiiig  nearly  sixty  species  of  marine  and  fresh 
waters,  abound  as  fossil  in  Europe,  hut,  aH  Hving, 
only  in  the  tropical  seas.  But  ilic  value  of  this  evi- 
dence h  by  tio  uieuu!)  pUiiii.  It  is  6r»t  u  question  of 
genera,  not  of  species  ;  as  it  ought  to  be,  if  it  were  to 
prove  what  is  thought.  There  is  a  Coluber  in  Bri- 
tain and  there  are  nmny  in  hot  ctiniates-  And  uo 
aDininU  are  so  uotcdly  indiifereut  to  temperature  as 
the  mollusca.  The  ver)'  same  species  of  helix  are 
now  found  frozen  in  polar  ice  and  broiling  in  the 
African  desert.  Thus  much  for  all  these  evidences 
from  the  animals  and  plants  themselves.  i 

But  the  hypothesis  having  been  adopted,  it  was 
also  necessary  to  explain  tlie  causes :  and  having  dis- 
posed of  tlie  posterior!  evidence,  I  must  therefore  ex- 
amine the  priori  one.  There  is  no  provision  for  in-- 
terchungc  of  climates  in  the  present  motions  of  the 
earth :  the  axis  cannot  thus  have  changed  under  the 
actual  arrangeuient  of  the  solar  system.  It  is  espe^ 
ciully  useless  to  assign  so  gratnitoua  a  cause  as  the  ap^ 
pulse  of  a  comet,  when  tlie  l^acts  remain  so  much 
more  than  doubtful ;  and,  if  the  argument  from  coal 
be  admitted,  nothing.  If  it  be  said  that  the  earth  was 
at  first  an  irregular  mass,  and  that  it  became  sphe* 
roiilal  only  through  a  long  series  of  (changes,  chiefly 
rhrongh  wear  and  reucnal,  and  that  thus  any  changes 
uf  axis  and  climate  can  be  accounted  for,  the  answer 
is  the  same.  It  is  a  pure  hypothesis  to  account  fof 
fads  which,  themselves,  do  not  exist. 

Lastly*  it  has  been  said,  in  support  of  diminution 
of  temperature,  not  of  interchange  of  climates,  by 
Duffun,  De  LuCf   Breislajf;  aj)d  others,  that  this  ma^ 
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have  happened  because  ilie  eiirly  earth,  fluid  Croni 
heat  in  the  interior,  was  less  deeply  covered  by  rocks 
at  its  earlier  periods,  that  much  heat  was  extricated 
during  the  act  of  consolidatioo,  or  dtirin^^  the  pre- 
cipitation of  rocks  fiom  water,  or  during  that  of  the 
combination  of  their  metalhc  bases  with  oxygen.  Any 
of  these  things  are  possible ;  the  general  fact  of  a 
lowering  of  temperalnre,  were  it  but  through  radia- 
tiitn,  is  probable :  but  of  whatever  other  geological 
value  such  a  supposition  or  fact  oiay  be,  it  will  not 
bear  on  the  present  question,  until  the  fact  itself  has 
been  establislu'd  as  to  living  and  fossil  beings  ;  which 
it  has  not.  Hut  as  this  is  an  interesting  subject, 
which  I  cannot  here  dincuss,  I  must  refer,  and  chiefly 
to  Brciijlak  and  Fourrier. 

Of  Colanies  and  of  Transportations  of  organic 
Fossils. 

These  two  circn instances  respecting  fossil  remains, 
interest  geology  far  more  than  much  that  has  pre- 
ceded. The  former  proves  conditions  of  repose,  and 
also  periods  of  time ;  being  especially  important  to- 
wards the  proof  of  great  duration  in  the  intervals  be- 
tween successive  revolutions.  The  latter  is  indis- 
pensable to  many  inqnirics  respecting  the  changes  of 
the  surface. 

If  it  is  not  universally  true  that  particular  tribes  of 
shells  occur  alone,  it  is  a  fact  of  sufficient  fretjuency ; 
as  it  is,  that  they  He  undisturbed  in  the  places  where 
they  died.  This  happens  notedly  in  the  ammonites, 
the  ceritbia,  the  uautilites,  the  iiummnlites,  and  others; 
some  of  which  also  produce  musses  of  rock  of  great 
extent,  even  when  of  such  microscopic  inioutcuess 
that  a  grain  weight  would  counterpoise  almost  6fty. 
The  masses  of  rock  thus  formed  entirely  of  shells  in 


OF  TRE    ORGANIC    FOSStM. 


Touraine,  arc  well  knowu  for  their  bulk  ;  us  are 
those  of  Grignon,  Issy,  Pansy,  Chaumout,  Viller* 
Coterets,  and  other  places.  Immense  beds  are  thus 
formed  of  MilioIite»  alone.  Similar  facts  occur  in 
Egypt  and  Syria,  in  Persia  and  India,  and,  in  reality* 
in  every  country  that  has  been  accurately  examined. 
If  other  shells  intrude  into  such  colonies,  or  if  many 
arc  intermixed  in  one,  the  geological  inferences  are 
iaircely  affected  ;  since  rej)0sc  and  length  of  time 
are  e(|Ually  proved.  Ages  must  have  passed  before 
these  enormous  accumulations  could  have  taken  place ; 
and  we  can  sometimes  form  loose  conjectures,  at  least, 
respecting  this  time,  by  attending  to  the  increase  of 
living  beds  uf  shell-fish  ami  the  deposits  in  lakes.  If 
this  fact  proves  repose,  it  would  have  been  unne- 
cessary to  say  that  it  is  inconsistent  with  diluvian 
movements,  had  not  the  most  recent  of  our  observers 
asserted  such  motions  even  in  the  most  decided  cases 
of  this  nature.  It  is  chili.3ii>h  to  repeat,  that  facts  like 
this  are  irreconcilcable  to  any  precipitation  of  rocks 
from  solution. 

However  true  the  transportation  of  fossil  remains, 
through  the  action  of  water,  may  be,  it  has  been  often 
asserted  to  have  happened  where  it  never  occurred, 
and  has  thus  formed  one  of  the  most  troublesome  fal- 
sities iu  Geology  ;  impeding  the  discovery  of  trutli  in 
almost  as  great  a  degree  as  any  of  the  hypotheses 
which  have  been  invented,  and,  above  all,  where  such 
actions  have  been  referred  to  the  Mosaic  deluge. 
And  thus  have  other  deluges  been  invented  to  explaiti 
what  demanded  no  such  solution. 

To  the  remarks  just  made,  proving  that  the  hving 
animals  had  been  preserved  where  they  died,  I  may 
add  those  facts  which  are  often  but  repetitions  of  what 
has   preceded.       These  arc,    the   intcgfily  oC  Vcw^^x 
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siiells  and  the  preservation  of  their  minute  parts,  th« 
|)reservation  of  plants,  especially  of  leaves,  incapHble 
of  bearing  transportation,  that  of  tender  fishes,  fonnd 
entire,  as  in  Monte  Bolca,  and  the  positions  of  the 
convexities  of  bivalves  j  all  of  them  being  evidences 
for  any  case,  iu  practice,  respecting  which  we  may  be 
called  on  to  judge. 

If,  on  the  contrarj-,  the  reverse  facts  occur,  mark- 
ing motion,  it  is  certain  that  no  distant  trans porlatioa 
is  necessary  for  the  effects,  as  there  may  often  be 
fracture  and  dispersion  of  the  objects,  withont   aoy ; 
while  it  is  no  less  certain  that  tuich   distant  and   vio- 
lent ones  as   have   been  presumed,    would  have  en- 
tirely destroyed  snch  objects,  to  their  disap[iearance. 
We  know,  through  soondings,  that  recent  shells  arc 
broken  and  intermixed  in  tbc  exact  manner  which 
has,  in  fossil  ones,  been  attributed  to  transportation  ; 
while  the  motions  in  these  cases  are  but  the  daily 
actions  of  the  waves.     And  thes*;  are  the  germs  of 
future  rocks,  the  types  of  past  ones,  as,  at  present, 
they  are  those  of  visible  ulhivia.      Such   is  the  diffi- 
culty of  proving  transportation  in  the  ordinary  cases 
of  fossil  remains.     Nevertheless,   it  has  occurred,  de- 
monstrably, yet  to  no  great  extent:  but  the  import- 
ant question   here  is,  (he  geol(^ical   purpose  in  view 
in  these  hypotheses  as  they  bare  been  constructed  and 
used. 

'lliis  h  double.  It  is  to  explain  simply  the p(>sition8 
of  organic  fossiU  supposed  to  reqnire  explanation,  bnt 
it  is,  far  more  injnriously  to  scienc^^,  to  attempt  to 
prove  delnges  and  other  similar  actions,  through  such 
facts.  And  tliis  is  the  proper  ge<dogical  qtiestioti,  a* 
,it  is  the  oidy  one  of  moment.  If  I  state  exampIeA  of 
the  princi|>al  cases,  and  their  presumed  causes,  ami 
kIho  tihow  that  they  can  l>c  explained  by   nmch   ■lim- 
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pier  ones  than  have  been  assigned,  the  purpose  here 
in  view  is  answered.  It  is  the  explanation  of  ad- 
mitted transportation,  and  the   rejection   of  false  hy- 

)thesL'S  respecting  the  causes. 

If  the  hypotbesiii  of  distiinttraiisportatlou  has  been 
applied  to  the  case  of  Monte  Bolca,  it  is  already  fully 
answered.  Where  transportation  has  been  assigned 
as  the  cause  of  the  positions  of  organic  bodies  which 
were  astiunied  to  have  beloagcd  to  other  climates,  the 
answer  to  this  also  needs  not  he  repeated.  It  is  not 
H  case  of  evidence  as  to  the  fact.  I  nmy  say  the  same 
as  to  the  fositil  remains  of  Daluiatia  and  elsewhere : 
the  fact  of  transportation  is  as&iimed;  and  the  right 
solution  of  these  cases  will  be  exaniiued  in  the  neti 
section.  It  has  further  been  attempted  to  prove  the 
transportation  of  the  bones  of  land  animals  found  in 
alluvia,  by  Deluges,  from  the  presence  of  petrified 
remains  iu  the  same  places.  There  are  two  cases  of 
this ;  and  such  a  theor)-  is  unnecessary  for  either. 
These  marine  remains  are  often  the  fragments  of  orga- 
oic  limestones,  parts  of  the  original  alluvia  in  which 
the  hones  were  deposited :  it  is  a  case  of  accidental 
contiguity,  not  of  joint  transportation.  If  it  had  becnj 
the  condition  of  both  classes  should  have  been  similar. 
The  other  case  is  that  of  Italy,  already  explained  :  it 
is  the  occurrence  of  terrestrial  alluvia  above  marine 
ones. 

On  the  Siberian  remains,  I  must  dwell  somewhat 
more :  especially  becauae  this  case  has  been  made  a 
foundation  for  a  theory  of  the  earth.  These  are  often, 
though  not  always,  transported,  but  under  trausporta- 
tinns  of  a  far  difl'erent  nature  from  what  has  been 
asserted.  Pallas  informs  us  that  the  bone*^,  akelc- 
Jons,  and  entire  carcjisses,  of  the  Elephant,  Rhinoce- 
roa,  and  other  large  animals,  occur  near  every  great 
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river  of  northern  Asiit,  alinoiit  from  the  Black  wa  to 
that  of  Kiuntschatkii;  yc^t  being  nearly  limited  to  the 
iilKivia  of  the  pl.iins.  'I'o  conceive  that  a  single  tor- 
rent, or  any  smropsion  of  torrents  capa))le  of  covering 
St  breadth  of  four  thousand  miles,  shonld  have  left  these 
remains  as  they  are  now  found,  and  so  perfect,  should 
have  even  left  the  carcasses  as  tliey  are,  is  for  those 
who  sec  no  dirticnlties  when  the  inventions  are  their 
own.  Snch  visionN,  warring;  iigain^t  all  coniuioii 
sense  as  well  as  philosophy,  deserve  no  answer.  How 
Pallas  coutd  have  supposed  them  to  have  heen  tlius 
transported  from  southern  clinnites,  he  was  himself 
bound  to  explain,  since  no  one  can  do  it  for  him.  If 
De  Lur's  theory  was  intelligible  to  liimself,  I  know 
not  who  else  can  understand  it;  though  it  did  once 
Incel  a  supporter  who  umst  at  least  have  been  inconsi- 
derate in  thus  adopting  it.  This  country  consisted^ 
De  Lnc  says,  of  islands  uiid  se:is  intermixed,  in  a  coO' 
slant  state  of  revolution  of  level  and  condition:  and 
thus,  in  «ome  manner,  every  thing-  is  solved.  Cer- 
tainly, geologists  have  often  deserved  the  ridicnlc 
which  they  have  so  fret|uently  experienced.  It  la  uae- 
lesa  to  inquire  of  the  causes  of  such  revolutions  m 
this,  when  there  is  not  a  shadow  of  evidence  as  to  the 
facts,  and  when  it  is  not  supported  by  any  thing  that 
"we  know  of  the  earth.  But  it  is  especially  nnforttmate 
for  this  philosophy,  that  the  elevated  alluvia  of  Italjr 
should  have  been  explained  in  the  same  manner.  It 
is  dirticult  to  conjrctiire  what  ideas  ure  formed  before 
such  reasonings  and  conclnsions.  These  are  Werner's 
ever  tractable  oceans,  under  a  new  shape.  He.  who 
lias  said  that  the  very  name  Geology  excited  ridicule, 
should  not  have  forgotten  where  the  retort  might  fall 
■with  equal  or  greater  justice,  ami  that  there  were  more 
than     one     fabricator    of   cabinet     theories.       The 
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femark  on  this  Kystom  would  have  bt^en  spared  hail  it 
come  froQi  a  less  name:  tbc  uiischiet'lies  in  this  very 
thiD^,  ill  the  authority;  which,  ever  injurious  in  pro- 
pOition  to  its  weight,  is  still  weighty  on  this  very  point, 
injuring  him  wliom  it  h  the  duty  of  a  systematic 
writer  to  protect  from  False  theories. 

The  animals  in  qnestion  died  and  were  buried  where 
they  lived,  if  tliey  are  covered  with  beds  of  sand  and 
clay,  sometimes  containing  shells,  thia  is  what  happens 
in  every  land  of  rivers ;  and  a;*  fai*  as  the  bones  them- 
selves are  iransportedj  this  is  their  only  soui-ee  of  trans- 
portation. Natural  actions  or  casual  itumdations  nc- 
count  for  every  thing:  but  they  account  too  simply: 
they  arc  not  I'heorics  of  the  Earth.  The  shells  are 
terrestrial,  and  they  have  been  supposed  marine:  the 
perpetual  error  i»f  those  who  philosophize  in  shells  and 
thns  determine  Earths.  Let  there  I>e  marine  allmna 
any  where,  it  is  the  case  of  deserted  aestuaries.  Nor 
is  there  any  reason  why  the  Li^na  or  the  Jenisei  should 
not  curry  even  colonics  of  skeletons  to  the  sea  itself, 
since  this  very  event  has  happened  in  the  Solway 
firtli  within  our  own  knowledge. 

Enough  of  these  cases;  they  are  examples  to  which 
all  of  which  I  read  can  be  reduced.  Of  the  causes  of 
such  imagined  torrents,  the  followiijg;  liave  been  as- 
signed ;  and  1  may  here  name  what,  for  the  most  part, 
must  be  re-examineil  hereafter.  The  supposed  erup- 
tion of  the  Black  sea  and  of  the  presumed  lake  of 
Thessaly,  arc  among  these  ;  and  there  arc  modern 
examples  of  such  a  fact,  inferred  in  such  a  valley  as 
Glew  Roy,  proved  to  the  sight  iu  Switzerland.  IJn- 
i|nestiouai)ly,  such  accidents  must  have  transported 
fossil  remains,  with  all  else  ;  yet  shells  are  little  likely 
to  have  sun'ived  sneh  movements  as  this.  Let  them 
have   all   their  weight,  and  they  may  explain  a  few 
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cases ;  but  tliut  is  «lU.  It  is  certain,  rcvci-scly,  that 
tlic  buried  rcuiaiDS  are  not  competent  to  prove  tbe 
causes,  as  also  these  apply  to  albivial  deposits  only. 

If  such  elevations  of  the  earth  as  that  of  Italy  be 
assigned  as  the  caiusc  of  torrents  of  this  extensive 
nature,  which  they  unquestionably  must  have  been, 
the  general  conclusion  as  to  the  fossil  remains  is  the 
same.  They  arc  httlc  likely  to  have  survived ;  and 
they  lire  not  ulone  suflU-ient  to  prove  such  a  fact. 
Italy  has  demanded  a  mwch  more  difficult  proof,  as  I 
have  shown,  and  far  other  reasonings  than  these  su- 
perficial ones ;  else  would  it  perhaps  have  been  ex- 
plained long  ago.  Of  the  Mosaic  deluge,  I  might  say 
the  same,  far  more  strongly.  No  transportation,  be 
it  ever  so  established,  can  prove  that  fact ;  and  that 
fact  itself,  as  detailed  in  Scripture,  gives  no  reason  to 
suppose  that  it  was  accompauied  by  such  extraor- 
dinary torn*nts.  But  this  is  a  <|nestion  that  must 
rwnr,  mixed  up  as  it  has  been  with  almost  every  thing 
in  the  history  of  the  Earth.  If  the  foregoing  cases 
explain  some  of  the  sources  of  error  among  geologists 
in  deciding  respecting  transported  fossils,  it  is  still 
necessary  to  point  out  others,  and  to  explain  some  of 
those  more  fully:  the  actual  cases  of  this  kind,  and 
their  true  nature,  will  thus  develop  themselves  with- 
out difficulty. 

There  arc  two  distinct  circumstances,  under  which 
marine  transportations  liave  been  imagined,  where  the 
fossils  remain  in  their  places.  The  retirement  of  the 
Caspian  sea  through  the  growth  of  the  lateral  alluvia 
is  a  fjLse  in  point  as  to  the  first:  the  marine  remains 
found  now  far  beyond  it,  were  once  a  part  of  its  own 
shores.  And  all  the  great  sandy  deserts  present 
the  same  false  eases.  Their  waters  are  salt,  because 
they  consist  of  the  red  marl  stratum,  coutaining  this 


substance;  and  therefore  are  their  romaiiiii  iiiariiir, 
thus  far.  These  waters  disappeur  ihiily,  while  the 
fossils  continne  in  the  dried  lands:  aud  thenec  the 
much  wider  nud  far  more  erroneous  coiiclufiion  also, 
that  the  sea  has  retired  in  recent  times  from  those 
tracts  of  sand. 

The  case  of  the  more  distant  ^estuaries  of  the  pre- 
sent ocean  is  anottier:  they  have,  ccjually,  been  mi»- 
taken  for  tertiary  strata,  and  for  collections  of  trans- 
porred  fossils,  according'  to  the  circumstances;  and 
these  in  particular,  have  repeatedly,  and,  now,  very 
recently  and  pcrsevcringly,  been  attributed  to  deluges, 
and  to  tlic  Mosaic  deluge.  SyHteni  will,  in  some, 
supply  the  place  of  ignorance  in  others:  it  is  doubly 
unfortunate  when  system  and  bad  observation  arc 
united.  Though  found  more  tlian  a  thousand  miles 
from  the  sea,  in  India,  these  arc  but  the  tranf|nil  de- 
posits of  the  Indian  ocean.  Transportation  there 
must  he,  if  terrestrial  and  marine  remains  arc  inter- 
mixed :  but  this  is  nothing  more  than  what  I  shall 
now  explain,  by  what  offers  a  sohuion  for  perhaps 
very  case  of  such  mixture  yet  described,  whether  in 
rocks  or  alluvia,  antient  or  recent.  And  though  the 
levels  of  such  deposits  should,  in  any  ease,  exceed  that 
of  the  present  ocean,  it  would  !iot  alter  these  con- 
clusions ;  since,  as  I  shall  hereafter  shotv  more  fully, 
there  is  a  vacillation  of  level  between  the  sea  and  the 
liuid,  in  nmny  parts  of  the  world ;  aud,  even  in  our 
own  island,  the  must  nndotibted  proofs  of  the  gradual 
tdcvation  of  the  latter. 

Of  such  transportations,  even  of  land  animals,  I 
mentioned  the  case  of  the  Solway  firth.  This  oc- 
curred in  1794,  when  more  than  two  thousand  bodies 
of  horses,  cows,  sheep,  and  smaller  animals,  were 
carried  into  it  ia  one  day.     And  it  is  it  valuable  fact. 
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l)c<-ause  it  cxpluins  such  cases  us  that  ofthc  Paris  biisin, 
Hnd  many  more:  it  will  he  a  future  intermixture  or 
alterimtioii  of  iiiariue  and  terrestrial  remains,  in  shale 
and  sandstone  and  liniestone;  astady  for  the  geologists 
of  other  Earths. 

On  analogous  grounds,  may  not  only  many  of  the 
eases  of  the  tertiary  deposits,  but  those  of  the  Lias 
also  be  explained.  Wherever  this  series  presents  such 
iaiermixiures,  that  point  at  least  was  an  sestuary:  the 
solution  is  simple,  and  it  offers  a  perfect  analogy  to 
the  Eestuar\-  of  the  Thames,  or  any  other  river,  at 
present.  The  same  mixtures  from  transportation  arc 
occurring  tliere;  and  in  future  ages,  or  worlds,  it  may 
be  a  lias  series,  thus  far.  The  allnvial  anticnt  a&stua- 
ries,  just  mentioned,  arc  parallel  cases  under  another 
ibrm.  And  in  actual  apstuaries,  as  iu  more  antient 
yines,  marine  and  terrestrial  remains,  antient  and 
modern  ones,  may  often  be  confounded,  since  the  proper 
marine  bottom  must  be  frequently  mixed  with  the 
terrestrial  deposits  of  the  rivers,  and  in  every  manner. 
(7ases  of  actual  distant  transportation,  snch  as  that  of 
Vest  Indian  fruits  to  our  own  shores,  seem  too  limited 
in  quantity  and  possible  effect,  to  demand  any  re- 
ference to  antient  deposits. 

To  guide  the  judgments  of  geologists  on  this  suh> 
Ject,   I    must  yet  remark,  that  in  such  cases,  errors 
■may  arise,  first  from  mistaking  the  origin  of  the  fos- 
sils themselves,  and  next  from  mistaking  the  nature 
of  the  strata:  iis   it   would  be  easy  to  point  out  re- 
corded cases  where  both  have   been  combined.     And 
ilhus    have  snch  mistakes  arisen,    from   determining 
the  origin  of  the  stratum  through  the  presumed  one 
•of  the  fossil,  or  that  of  this  last,  from  misapprehending 
tiie  nature  of  the  other. 

In  the  chapter  on  the  tertiary  strain,  1  have  already 
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shown  the  difficulty  uf  detcnnhiing  lUc  marine  or 
terrestriiil  origin  of  fossil  fishes.  As  to  the  other 
error,  all  strata  were  formerly  thought  to  he  of  marine 
origin :  and  thus  were  aW  fishes,  In  partienlar,  formerly 
supposed  to  be  of  the  same  imlure;  whence,  if  fooud 
accompanying  terrestrial  remains,  transport ut ion  was 
mfcrred,  under  either  or  both  errors.  And  recent 
observations  liave  not  been  free  of  the  same  inistakrt 
and  the  same  false  inferences.  Tlie '*  bituminous  marl 
slate"  was  an  error  of  the  former  kind,  of  the  Freyberg 
school:  the  supposed  marine  stratum  is  a  fresh  water 
one.  At  (ilaris  in  Switzerland,  ferns  occur  with 
fishes,  and  the  latter  nnist  therefore  belong  to  fivsh 
water.  Former  observations  had  determined  that 
marine  and  fresh  water  fishes  existed  with  vegetables  in 
the  strata  of  CRningen,  and  thus  were  formed  false  and 
inipo^ible  theories  respecting  this  deposit.  If  I  am 
right  respecting  the  versatility  of  fishes,  the  fact  as 
to  sonic  of  these  species  may  still  be  true,  or  there 
tinay  be  marine  fishes  iu  these  strata:  the  very  Triglfe 
quoted  may  exist  in  it,  though  the  s|>ccimehs  seemed 
to  me  more  than  doubtful;  and  yet  this  deposit  is  but 
a  part  of  the  antient  bed  of  the  htke  of  Constance. 
And  this  illustrates  the  other  source  of  error. 

I  may  therefore  conclude.  There  is  no  proof  of  trans- 
ported fossils,  under  any  other  circumstances,  or  from 
any  other  causes,  than  those  which  I  have  explained; 
and  I  hope  that  I  have  shown  how  these  can  be  distin- 
gubhcd.  But  the  distinction  demands  acute  geo- 
graphical obser\'at!on,  even  more  than  geological 
knowledge;  and  here  have  observers  especially  failed. 
Of  the  Mosaic  deluge  in  particular,  I  have  no  hesi- 
tation iu  saying,  that  it  has  never  been  proved  to 
have  produced  a  single  existing  appearance  of  any  kind. 
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aitd  tlitit  it  ought  to  he  struck  out  of  the  list  of  geo- 
logical causes. 

Of  organic  FoxsUji  in  Fissures  and  Caverns. 

The  fossils  found  in  fissures  belong  strictly  to  geo- 
logy, as  they  relate  to  somewhat  HUtient  alluviu;  th« 
proper  geological  relutluus  of  tlic  latter  occurreuce 
ure  still  very  obscure,  as  thi?*  question  also  eoiiccnu 
sioology  rather  than  the  present  science. 
./nie  former  are  involved  in  calcareous  conglomerate 
rocks,  forming  portions  of  these;  of  which  theceuieal 
consists  of  minute  fragments  and  curbonat  of  lime: 
and  they  arc  therefore  local  alluvial  rocks.  If  tbey 
someiimcs  occupy  Bssures,  this  is  not  always  the  case, 
as  happens  in  Dalmatia ;  but  the  two  forms  need  not 
be  distinguished,  ej>pccially  >is  they  all  appear  to  have 
once  occupied  cavities  of  some  kind.  These  rocks 
occur  in  Gibraltar,  near  Moutpellier  aud  Nice,  in  Ar- 
ragon,  Corsica,  Dalmatia,  Cerigo,  and  elsewhere.  The 
remains  are  the  boucs  of  land  animals;  being  terrene 
themselves,  as  are  the  deposits,  and,  except  travertino, 
the  only  truly  terrene  organic  rock.  A  few  shelU, 
doubtless  terrene  also,  have  sometimes  occurred  with 
them.  The  Ijones  have  appeared  to  belong  to  the 
Horse,  Ox,  Ass,  and  Sheep,  to  Antelopes,  Mice,  Birds, 
and  dome  others  which  J  need  not  here  name.  The 
geological  question  does  not  seem  intricitte. 

The  rocks  are  the  aceunmlations  of  fragments 
which  have  been  produced  where  they  lie.  Truuv- 
portatinn  i^  impossible  under  such  circumstances;  nor 
does  the  state  of  the  fragments  justify  such  a  supposi- 
tion. The  production  of  the  rocks  themselves  is  ea.sily 
understood.  I  have  elsewhere  described  such  veins  of 
conglomerate  in  Scotland,  in  the  older  rocks,  yet  of 


svidently  modern  origin :  we  have  only  to  inquire 
respecting  the  presence  of  the  bones.  In  Gueriiti«v 
there  is  a  iis:jure  in  which  a  rock  of  tliis  nature  is  now 
forming;  and  the  animal  reinains  are  snails,  ^ith  the 
ikeletons  of  mice  and  weasels,  nnitetl  by  culcareotis 
matter.  'I'lierc  are  i^cts  in  natuial  history,  which 
show  that  animals  seek  concealed  places  to  die  in,  and 
that  pi^datory  animals  conceal  themselves  in  snch  re- 
treats :  the  caverns  to  he  innnediately  examined  are 
striking  examples  of  the  same  kind.  If  this  be  not 
the  solution,  I  know  of  no  rational  one  that  can  be 
offered.  And  the  further  geological  (onclusion  h, 
that  these  rocks  may  be  of  any  date  posterior  to  the 
disclosure  of  the  strata  in  which  they  occur,  while  that 
can  only  be  conjectured  through  zoology,  though  sel- 
dom even  thus.  The  orgfmic  rock  of  Guernsey,  now 
forming,  is  in  gneiss :  the  antiquity  of  a  rock  deter- 
mines nothing  as  to  that  of  a  fissure. 
-  And  this  is  all :  the  question  might  be  dismissed,  if 
I  were  not  compelled  to  notice  theories  which  are  still 
misleading  geologists  ;  as  is  my  perpetually  disagree- 
able duty.  I  have  just  shown  it  not  to  be  true  that 
they  are  not  formed  at  the  present  day,  as  Cuvier  has 
said  :  and  there  is  not  the  least  reason  for  concluding,  a.i 
he  has  also  done,  that  they  mnst  all  be  more  modern 
than  the  autient  alluvia  containing  animal  remains. 
In  individual  comparisons,  this  may  he  the  fnct :  the 
zoologist  is  generalizing  from  single  instances  in  bis 
own  department,  and  in  support  of  some  hypothesis. 
They  may  be  found  as  autient  as  the  most  antieiit  or- 
ganic alluvia  :  and  this  is  probably  the  case  with  that  of 
Corsica.  And  no  geological  relations  can  be  effec- 
tually deduced  from  these  bones,  because,  in  almost 
all  cases,  this  must  be  negative  evidence.  It  has  also 
been  said,  that  the  same  bones   were  never  found   ia 
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th(>9c  fissures  unil  in   the  caverns  also  ;  because,  iivl 
this  too,  tberL*  was,  apparently,  a  zoological  system  toj 
he  supported.      TIti!f,  ^i^Hiii^  is  ^eueraliziiig  without' 
tucts,  and  without  correct  reasoning.     I  have  shown 
tliat  this  might   liuppen,  or  ought  to  happen ;  and  it 
has  proved  no,  m  the  case  of  the  horse,  tbc  ox,  aodJ 
others.     And  that  I  may  dismiss  the  whole  of  these 
liypotheses  at  once,  it  is  not  true  that  the  remains  in 
tlie  alluvia  are  not  also  found  in   caverns.     The   Ele- 
phant, Rhinoceros,  Hippopotaniuti,  Ox,    and  others, 
occur  in  both  :   »o  that  whatever  diluvian  speculations 
were  to  be  founded  on  this  disproved  statement,  must 
l>e  ahaudoned. 

The  Caverns  and  their  remains  have  recently  at' 
traded  no  much  popular  attention,  under  that  love  of] 
the  marvellous  which  so  often  loses  ^ight  of  science, 
and  of  truth  also,  that  I  can  refer,  without  difiicultyf 
to  volumes  in  abundance,  those  who  consider  that  all 
Geology  is  comprised  in  such  a  pursuit  as  this.  A 
short  statement  would  not  satisfy  thcra ;  and  the 
concern  of  Geology  with  lliese  facts  is  very  suiull  in- 
deed. 

They  have  been  found  in  Germany  and  in  England, 
in  many  places  ;  near  Gailcnrentli,  Baunian,  Sharz- 
fclls,  Kloetcrhocle,  Ghicksbruu,  and  in  otlier  situa- 
tions, in  the  former  ;  and,  in  the  latter,  near  Ply- 
month,  Bnrtugdon,  Swansea,  Llandebie,  Torbay,  at 
Kirkdale,  and  in  other  places,  for  all  which  Dv. 
fiuckland's  ample  and  minute  works,  especially,  cau 
he  consulted.  In  tliese  caverns,  always  open  iu  some 
manner,  (though  it  is  plain  that  if  tilled  more  or  less 
with  earth,  and  broken  into  through  the  rock,  that 
opening  might  not  always  be  easily  found,)  the  bonea 
are  more  or  less  entangled  in  loose  alluvial  matter, 
^nerall;  of  a  Bne  te.\ture,   and  also  among  calc4- 
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rrmis  staliutitos.  'I'his  is  rhr  stifficir'iit  geologiciil  de- 
scription; iintcss  I  add  that  they  prevail  in  the 
mountain  Hnicstonc ;  verv  nalurdllv,  since  this  rock 
ahoun(U  in  ciivurns. 

*'  But  their  chief  interest  is  with  zoolo|r)',  existing, 
or  extinct  as  to  the  countries  in  which  they  occnr ; 
since  they  have  not  yet  produced  animals  demon- 
strab!y  extinct  as  to  the  whole  earth,  though  this  has 
l)pen  said  of  certain  bears.  If  I  refer,  as  before,  for 
tlie  zoological  particulars,  I  may  name,  without  dis- 
tinction of  place,  in  Germany,  the  lion,  tiger,  doe:  of" 
wolf,  polecat,  hyena,  rhinoceros  ;  and,  in  Enjland^^ 
since  the  in^iular  situation  demands  this  distinction, 
the  elephant,  rhinoceros,  hippopotamus,  horse,  ox, 
stag,  hyena,  bear,  hog,  fox,  weasel,  rabbit,  water  rat, 
mouse,  raven,  pigeon  and  more,  together  with  finman 
bones  in  two  instances,  the  whole  comprising  animals, 
.  extmct  as  to  Britain,  and  also  existing. 

The  solution  as  to  the  simple  presence  of  those  reJ 
mains  is  not  very  different  from  that  of  the  former 
case.  The  caverns  were  the  retreats,  or  the  volnu- 
tary  graves,  of  some,  and  in  some  of  the  cases  ;  and," 
in  others,  the  bones  were  deposited  by  the  hvaena,  in 
its  residence,  as  h  easily  inferred  from  the  circum^ 
fitanecs  attending  this  particular  animal.  And  this, 
as  a  ftirther  (jucstiou  of  zoology  alone,  is  all  that 
I  need  here  say  on  that  part  of  the  subject  in  these 
cases.  ' 

In  strietnesK,  the  case  of  these  caverns  has  no  other 
geological  Ijcurings,  and,  as  to  Geology  tlien'fore,  it 
shouUl  be  terminated ;  inasmuch  as  their  interior 
alluvia  must  be  explained  on  the  same  grounds  as  tK« 
exterior  ones,  as  that  will  also  he  a  future  <picstton  in 
this  work.  But  having  already  noticed  the  imagi- 
nary argniuents  for  the  Mosaic  deluge,  drasju  ^ti^va 
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tiansportuttoiis  as  iiuaginary,  I  cannot  avoid  continniug 
the  examination  of  them  as  derived  from  this  case, 
especially  as  that  record  is  ranked  as  a  cause  iu 
geology- 
Driven  from  one  point  to  another  since  the  time  of 
Tertulli;tn,  as  geological  knowledge  increasied,  those 
arguments  have  alwuys  sought  refuge  in  ihe  most 
recent  unexplained  appearaiue :  and  these  caves  are 
apparently  tlie  last  hold  of  those  who  seem  to  forget 
tliat  the  truth  of  the  Sacred  Writings  does  not  rest  on 
physical  proofs.  The  anxiety  which  is  thus  shown, 
to  prove  any  of  those  rccordii  in  this  manner,  is  not  a 
very  politic  mode  of  eviiiciiig  conBdcncc  or  faith  in 
them  :  and  if  the  arguments  are  worthless,  the  effect 
is  evil,  since,  to  have  rested  a  proof  on  that  which  is 
not  one,  is  to  produce  disbelief  or  duubt. 

But,  believing  that  record  in  its  exact  and  literal 
sense,  it  is  impossible  to  see  in  what  manner  it  can  bo 
related  to  these  appearances.  In  former  hands,  the 
remains  in  the  exterior  alluvia  have  proved  nothing 
as  to  this  record  ;  it  is  not  cosy  to  see  how  the  c^ves 
can  prove  more ;  and,  unfortuuiUely  for  ihc  supporters 
of  this  hypothesis,  they  seem  to  prove  less,  in  as  far 
as  the  extinct  animals  are  said  to  be  antediluvian  ones, 
since  the  caves  contain  existing,  and  therefore  post- 
diluvian uoimals,  aud  man  among  the  rest,  while  bis 
remains  arc  said  to  be  invariably  recent.  To  admit 
what  could  nut  be  denied,  and  still  to  maintain  the 
hypothesis,  is  a  species  of  philosophy  wliich  cannot 
well  be  discussed.  If  the  one  kind  are  postdiluviani 
why  are  tliey  not  all  of  one  period  ?  But  it  is  almost 
impossible  to  understand  how  these  fects  are  brought 
to  bear  on  this  theory.  The  record  says  that  all 
animals  were  preserved  for  the  renovation  of  the  earth 
(■^fm;  the  dehigc;  and  if  any  did  arrive,  why  not  all,  or 
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more:  But  it  is  bottpr  not  to  put  tnoiv  (^uestioiift. 
This  has  been  an  injudicious  interference  at  ei'cry 
period :  it  i:i  even  peculiarly  imprudent  in  the  present 
case,  as  the  slightest  considcraliou  will  show.  The 
assertion  that  these  things  do  prove  the  Deluge,  muy 
aatiiify  those  \rho  can  thus  be  satisfied,  by  an  assertion 
from  authority' :  but  the  cftect  Is  not  lasting,  even 
among  those:  there  is  ever  danger  that  conclnsions 
the  very  reverse  may  be  drawn  by  persons  who  know 
how  to  examine  evidence.  But  I  am  glad  to  pass 
from  a  subject  that  ought  never  thus  to  have  been 
mixud  up  with  physical  incjuiries:  more  sorry  that  I 
cannot  avoid  recurring  to  it  hereafter.  There  is 
abundant  proof  of  a  gradual  change  in  the  original 
balance  of  animals,  all  over  the  earth,  and  of  gradual 
extinctions  of  individual  kinds,  in  many  countries. 
ITiis  is  familiar  of  our  own,  in  the  Urus,  Elk,  Beaver, 
and  Wolf,  at  least ;  and  that  which  we  know  by  record 
or  clear  evidence,  has  probably  been  going  on  from 
the  beginning.  There  is  no  mystery  here  :  had  then» 
been  more,  it  would  have  been  more  acceptable. 

And  yet  I  cannot  avoid  noticing  another  of  these 
specniations  as  to  human  remains.  It  is  said  to  lie  a 
proof  of  the  especially  recent  formation  of  man,  that 
hi*  remains  arc  not  found  in  the  same  alluvia  as  those 
of  other  animals.  What  support  of  Scripture  is  tliis? 
That  record  says  that  Man  and  animals  were  created 
within  one  short  period.  If  they  ought  thus  equally 
to  be  found,  and  arc  not,  it  is  evidence  against  the 
record,  not  in  favour  of  it.  This  is  a  strange  over- 
flight:  but  such  it  ever  is  with  Systems,  and  especially 
where  produced  for  a  special  purpose.  But  I  desire 
to  avoid  all  further  examination  of  this  disagi-ceable 
subject  also:  it  is  doubly  painful,  from  the  impropriety 
of  these  atteinpis  to  prove  what  rests  on  far  different 
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ground)),  ami  fi-oiii  the  names  uttach<-d  to  iUchc  sevf^ral 
spe<*nlutions.  Hunict  lias  almtdy  reiniirkci),  and  St. 
Au^nstin  loiij;  bi'fore  liini,  on  the  impropriely  of  at- 
tempting to  provp  Scripture  Iiy  what  may  ultimately 
prove  unfuiin<led.  That  lt>H>ioii  was  also  iirgud  by 
Bacon,  it  has  often  Iktii  repeated,  but  it  seems  to 
havo  been  ev»T  ihruwn  away.  Let  ns  hope  that  we 
have  now  heard  of  this  penru  ioiis  interference  for  the 
last  lime. 

Of  the  IdentlficatUin  of  Strata  through  organic 
Fossils-. 

Practical  Geology  is  peculiarly  interested  \u  this 
(|UChtion,  and  it  especially  requires  to  IxMnvestigated, 
not  only  because  the  utility  has  been  highly  overrated, 
but  because  it  continues  to  be  an  impediment  to  geo- 
logical knowledge,  by  snpportiug  the  hypothesis  of 
universal  formations,  even  when  that  is  renounced 
in  words.  I  have  formerly  »hnwn,  that  in  the  man- 
ner  in  which  stratii  were  formed,  their  universal,  or 
even  wide  correspundeuce  was  impossible:  and 
if  there  is  here  a  fundamental  falsity,  there  is  a 
still  greater  one,  if  puttsible,  as  to  tho  animal  foasiLi 
contained  in  them.  The  latter  must  he  tried,  as  usual, 
bv  the  history  of  the  living  earth.  The  same  shell 
fishes  du  not  live  in  the  ecpiatorial  and  polar  seas, 
they  are  not  even  the  same  In  the  British  channel  ami 
the  Mediterranean:  I  have  made  the  remark  already, 
in  speaking  of  the  tertiary  strata.  This  is  fatal  to 
such  inferences:  if  those  two  seas  do  not  contaiit 
identical  races  of  living  shells,  whej^ce  should  the 
limestones  which  wc  have  thought  Bt  to  call  Oolithcs 
contiun  the  same  fossils  in  Italy  and  iu  Kngland? 
similar  laws  as  to  former  organic  beings  may  be  in- 
ferred; dissimilar  or  contradictory  ones  cannot. 
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Again,  the  strata  now  forming  out  of  the  Scottish 
prioiary  inoiintaius  cuiinot  be  the  same  ttiat  arc  in  the 
act  of  being  produced  hy  the  calcareous  lands  of  Eng- 
land. Yet  both  contain  the  same  shell  fishes.  In  a 
future  world.  Geologists  nlio  may  reason  in  the  same 
manner,  will  prove  dissimilar  strata  to  be  the 
same,  ihrongh  similar  fossils.  There  is  no  meaning  in 
such  philosophy  as  this :  and  that  which  is  the  history 
of  the  present  alluvia  is  the  history  of  the  consolidated 
strata.  There  is  no  order  of  succession  in  living  colo- 
tiietj,  ID  modern  seas;  there  cannot  have  been  such  an 
order  in  past  one^,  except  niidrr  ntter  assamplions, 
jujd  therefore  strata  ought  not  to  be  identifiable  in 
this  manner.  And  the  sucn  of  this  priori  reasoning, 
further  is,  that,  to  prove  what  is  asserted,  every  species 
or  genus  should  have  succeeded  in  a  definite  order,  and 
changed  with  each  stratum:  and  this  also,  not  within 
n  limited  space  only,  but  over  half  or  the  whole  of  the 
world. 

Every  supposition  necessary  to  this  theory  of  ideu- 
lificiitiou  is  unfounded  or  improbable;  and  therefore 
such  a  test  onght  not  to  exist.  It  can  be  admitted 
ivithin  limited  distances  and  deposits,  such  as  Eng- 
land, or  similar  tracts,  but  not  further;  least  of  all,  to 
the  extent  asserted.  Nor  does  it  exist  as  a  fact :  the 
experii'ucc  confirms  lUo  priori  reasoning-  A  lintestniie 
following  the  red  marl  occurs  in  England  and  France 
and  Spain  and  Italy:  it  is  the  Has  by  position;  if 
England  is  to  be  the  standard  for  all  Europe.  It 
contains  many  different  fossils  in  these  several  places; 
and  the  same  is  true  of  any  other  stratum  or  series. 
All  this  is  well  known  to  Geologists,  yet  they  seem  to 
IH-rsist  in  their  system.  Echini,  turbines,  tellinfe,  and 
cbauia*  are  found  from  primary  slate  up  to  chalk: 
rhey  certainly  do  nut  indentify  tliow  strata.     It  19  the 
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»amc  with  inadrcporitcs,  pcutamuitcs,  cntomoiitcs, 
gryphites,  pectines,  aooinise,  ostrcie,  patcllas,  uuiiuo- 
nitcs,  ami  many  more;  and  there  are  not  even  predo- 
loinant  aesociatiuns  of  (liesc.  Conchologists  tliem- 
selvea  can  extend  this  list»  as  I  need  not;  auy  cata- 
logue will  enlarge  it.  Crabs  exist  as  far  asunder  as 
tlie  mountain  Umcatonc  and  the  chalk.  Crocodiles 
are  found  in  the  Has,  the  twlithc,  the  green  sand, 
mid  the  upper  hlue  clay.  Beleninites  abound  in  the 
chalk  of  Ireland,  and  are  rare  in  that  of  England. 
The  exceptions  are  too  abounding  to  permit  of  the 
rule;    though  I  have  given  but  a  smuU  number. 

It  is  qnitc  time  that  geologists  should  review  their 
system,  in  this,  as  in  far  more,  and  correct  their  prac* 
ticG.  Then,  and  not  till  then,  shall  wc  begin  fairly  to 
study  the  history  of  the  Earth  ;  and^  in  time,  wc  shall 
know  the  Ti-uth  ;  the  Truth  itself,  and  the  ever  odious 
truth  that  wc  have  been  in  the  wrong.  Let  shells  be 
nsed  as  aids,  as  far  as  they  can  :  hut  if  strata  arc  to  be 
determined  by  shells  alone,  it  will  be  the  laiid  of  shells 
and  conchologists  that  will  set  the  pattern  of  the  earth, 
as  other  lands  and  other  conchologists,  will,  tinder 
Hreislak's  remark,  contest  for  other  patterns.  This  is 
not  geology;    and  thus  will  Geology  never  be. 

I  terminate  this  chapter  by  referring  to  the  cata- 
logues of  conchologists  as  conneded  with  the  strata, 
whether  in  this  or  in  other  countries.  They  will  fumit»b 
many  facts  of  reference  for  much  that  has  preceded: 
bnt  I  could  not,  with  any  propriety,  encunilier  this 
work  with  them.  'I'he  geological  bearings  of  these 
most  important  bodies  in  the  history  of  the  Earth 
have  been  stated  as  far  as  I  was  enabled  to  do  so 
from  the  information  in  existence. 
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\On  the  succesitive  Fot'm-x  of  the  Earth  :  Revolutians 
of  the  Globe. 

The  subject  of  the  present  eliaptcr  is  intimalely  c-on- 
nc<*teH  with  a  rational  theory  of  the  earth.     It  com- 
prises the  history  of  those  revolutions  of  the  surface, 
previously  to  its  histj    or  present,  condition,  which 
have,  at  different  times,  itivoIve<l  the  destruction   of 
some,  al  least,  of  the  organized  beings  by   which  it 
was    inhabited.       To  these    rcvolntions    we  are  in- 
debted for  its  most  striking  and  important  features; 
as  to  these  it  is  owing",  that  the  animals  of  former 
days  are  now  known  to  us,  and  that  their  vegetables 
arc  treasured  np  for  the  snpply  of  our  wants.     If  the 
magnitude  of  the  powers  which  these  changes  in- 
volve, and  the  undefined  ages  which  they  demand, 
arc  alarming  to  those  whose  views  have  been  con- 
fined,    by  timidity  or    prejudice,  to  a    narrow   circle 
of  obvious  facts,  let  them  recollect  that  nature  every 
where  displays  the  marks  of  enormous  power  more 
than  once  exerted ;  and  that  in  the  destruction   which 
she  every  where  exhibits,    in  the  equally  extensive 
and  tcdions  successive  loss  and  renewal  of  races  of 
organized  beings,  and  in  many  other  geological  phe- 
nomena which  1   need  not  now  ennmerate,  there  is 
implied  the  necessity  of  a  duration  to  which   we  dare 
not  assign  a  boundary. 

In  preceding  chapters,  the  nature  and  the  ap- 
pearances of  strata  and  of  stratification,  the  changes 
of  position  which  these  have  undergone,  and  the 
sources  of  the  unstrattBed  rocks,  hare  been  jo  far' 
•xplaincd,  as  (o  enable  the  reader  to  follow  without 
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difficiiUy,  the  views  which  it  is  intended  here  to  lay 
before  him.  In  u  iJertaJh  ^eiifiO}  these  form  a  stira- 
inary  of  sonic  parts  of  this  vvork.  The  subject  iu- 
fleed  still  abounds  vith  ditfieuhien  which  1  do  not 
pretend  to  remove ;  but  if  the  facts  which  bear  on 
tliis  important  train  of  events  shall  here  be  arranged 
in  a  manner  somewhat  more  couiprehpnsive,  this 
cliapter  will  have  fulfilled  all  that  it  proposes  to  exe- 
cute. 

On  the  Evidences  of  lievatutions  in  the  Glohe. 

The  marks  of  great  changes  which  the  earth  con- 
tains, consisting  in  the  successive  deposition  of  new 
strata,  under  circumatanccs  that  prove  tJie  existence 
of  intermediate  intervals,  imply  successive  periods  of 
repose,  interrupted  by  revolutions  indicating  the  ex- 
ertion of  enormous  forces.  During  repose,  the  strata 
were  formed ;  in  the  intervals,  they  were  displaced. 
If  any  of  these  revolutions  can  be  shown  to  be  uni- 
versal, it  will  follow  that  the  whole  surfiicc  of  the 
earth  has  been  changed  once  or  more:  if,  on  tlie  con- 
trary,  they  are  only  panial,  it  cannot  be  concluded 
that  the  changes,  or  uctions,  on  which  they  de- 
pended, however  extensive,  were  of  a  nature  to  in- 
volve the  entire  globe.  The  evidences  for  tliese  revo- 
lutions and  alterations,  must  be  sought  in  the  changes 
or  reversals  of  position  exhibited  by  approximate 
beds,  in  that  part  of  the  composition  of  strata  which 
indicates  the  existence  of  previous  rocks,  and  in  the 
presence  and  position  of  imbedded  organic  fossils. 

From  the  mode  in  which  alluvial  materials  of  dif- 
ferent kinds  are  now  deposited  beneatb  water,  and 
from  titc  general  doctrines  of  stratification  formerly 
exaniini  d,  it  has  here  been  concluded,  that  a  serii^b 
of  Nlnila  consecutively  paiallel,  using  that  tcrtli  il^  a 
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gcologicul,  uut  ia  a  uiuthciuutical  s^ii.sc,  tia&  heon 
gi'iiciated  during  one  iK-riod  of  repose  in  the  form 
and  place  of  the  waters  under  which  it  was  produced. 
Where,  on  the  eoniniry,  the  positions  (if  appi-ox- 
iiiiate  btrata  cease  to  be  parallel,  or  where  they  must 
he  cousidcTed  as  reversed,  in  a  geological  sense,  it 
has  also  been  inft-rred  that  an  intcnal,  or  interrup- 
tion, of  greater  or  le»9  duration,  took  phice  between 
the  deposition  of  the  inferior  and  ;hat  of  the  superior 
series;  however  impassible  it  may  he  to  conjecture 
its  extent,  or  to  prove  the  exact  nature  of  the  inter- 
rnption.  In  most  eases,  at  least,  it  is  further  con- 
cludeil,  from  appearances  which  I  need  not  now  re- 
peat, that  the  inferior  series  was  indurated  to  the 
state  of  a  rock,  before  the  deposition  of  the  loose  ma- 
terials, destined  to  be  similarly  indurated  at  a  suh- 
scfjuent  period,  comnicnccd.  It  is  further  evident, 
that  as  the  inferior  strata,  like  tlie  superior,  mnst 
have  been  deposited  in  a  position,  horizontal  or 
nearly  so,  their  present  state  must  have  been  tlie 
result  of  some  disturbing  force:  and  it,  to  simplify 
this  general  view,  it  is  assumed  that  the  upper  series 
is  horizontal,  and  the  inferior  elevated  to  some  con- 
siderable angle,  the  same  reasoning  will  apply,  under 
tile  necessary  modiBealions,  to  cases  where  the  in- 
ferior strata  arc  not  at  a  high  angle  and  the  superior 
not  at  a  low  one ;  because  the  first  change  of  posi- 
tion, which  involved  only  tlie  inferior  strata,  may 
have  been  followed  by  others  which  affected  both; 
a  supposition  proved  by  a  variety  of  facts  already 
mentioned,  which  will  necessarily  be  again  noticed 
here. 

Thus,  an  interval  of  time,  including  a  disturbance, 
i»*  proved  by  »rvery  reversal  of  the.  positions  uf  approxi- 
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difficulty,  the  views  wh'wh  it  in  inteiideA 

before  him.      Jn  a  certain  seoM,  thes'T  f^ 

inary  of  some  parts  of  this  work.  ^  /  .ft, 

deed  still  abounds  With  difficuU^  /  .. 

pretend  to  remove ;   Jbut  if  the  ,'  .'  /  j^^^ 

this  important  train  of  events  -  ^  jjjg 

in    a  manner  somewhat  ir.  ormerlv 

chapter  will  have  fillfillei'  f^ata  lie 

''"^*^-  oe  paraUci 
On  the  Evidence                          •  »»"«*  t^"  ^owWe 

r™_          ■.      e  •''*>'"  ^'■y  *™*11  spaces. 

Ihc  marki  of  r  .       •    j  .       •     j  l 

.    .    ■  option  18  determmed  by  van 

tains,  consutixtr  ,                  ,         .  .         -^    / 

,  ,,  of  a  reversed  position;  or  by 

'*-  .  '.        ae  relative  characters  of  the  two  ai>- 

of  interior  u-  u   •*         u  u 

^ries,  on   which  it  wonld  now  be  suner- 
lepose,  Vjf  ^  ^ 

ertipnr^^'''"^'    .  .      .        ...  ^. 

^^^fioagh  these  reversals  of  position  indicate 

Tf  '      iSw"""  **  ^^^*  particular  spot,  they  do  rot  prove 

',      ''*i/i  t^banges  were  universal  or  extensive.     The 

''^f  of  these  is  to  be  judged  of  by  other  circum- 

^pffs  and   principally   by  the  extensive  range  oc- 

^pied  by    the  inferior  and  by    the  superior  strata; 

^  will  be  more  fully  shown,  when  the  number  and 

oiitnre  of  these  probable  revolutions  shall  come  under 

i«vie\v. 

If  there  are  many  cases  of  revolution  which  can 
thus  be  proved  by  a  comparison  of  the  positions  of 
approximate  strata  alone,  there  is  one,  at  least,  for 
which  we  must  resort  solely  to  other  evidence.  In 
many  instances,  this  evidence  is  interesting,  even 
where  it  may  be  superfluous ;  while,  in  some,  it  serves 
to  indicate  that  which  mere  change  of  position  does 
not,  namely  the  magnitude  and  extent  of  the  revo- 
lution, and,  that  within  undefineable  limits,  a  long 
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d^mc  had  elapsed  between  tlic  tiTiiiiimtidU 
*-ior  ami  the?  generation   of  the  superior 


<:on8ist5  in  the  fnigmenta  of  previous 
the  later  strdia,  or  in  the  nature 
^hc  roDErloine rates,     lly  means 
^^  '^luethnes  trace,  tliough  in  at». 

►  -launer    only,    the    sources 

.  were  derived ;  and  thus  they 
^iit  towards  determining  the  ques- 
.ly  or  limit,  with  respect  to  particnlar 
The  mode  in  which  these  rocks  arc  cal- 
.lOd  to  aft'ord  this  evidence  ought  already  to  be 
apparent.  The  local  conglomerates,  formerly  distin- 
guished from  the  general  ones,  do  not  enter  into  this 
(|nestion,  as  they  have  originated  in  local  caiD^es  of 
another  kind.  The  trap  conglomerates  arc  e(]uully 
excepted,  us  depending  on  revolutions  in  which  this 
family  of  rocks  is  separately  engaged.  But  the  ge-< 
neral  one^,  consisting  of  the  fraginents  of  difl'ercnt 
]*ocks,  agglutinated  by  materials  of  a  6ner  kind,  am 
formed  out  of  the  alluvia  which,  in  u  former  state  of 
the  surface,  were  the  produce  of  these.  As  tlie  frag- 
ments of  the  present  strata,  produced  by  the  action  of 
the  wasting  forces,  are  now  forming  beds  in  such 
places  as  itrc  fitted  to  receive  them,  an  are  these  de- 
stined to  produce  future  conglomerates,  should  other 
Involutions,  similar  to  the  paut,  occur.  And  as  these 
accumulations  necessarily  hcspeuk  a  long  period  of 
time,  so  do  those  which  enter  into  the  conglomerate 
rocks  cfpially  indicate  a  long  interval,  during  which 
the  substances  out  of  which  they  are  formed,  occu- 
pied H  place  above  the  waters  or  constituted  a  dry  laud 
marked  by  hill  and  vtdley,  and  subjected,  as  the 
prt'^rnt  is,  to  the  action   of  tivcr:i.     The  great  deplh 
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mate  strata;  as  an  intcn'al  of  rcposCj  apparently  niucl 
longer,  of  the  surface  of  the  earth,  is  a!«o  proved  b] 
the  consecutive  arrangemeut  of  any  scries:  while  tht 
extent  of  the  series  in  question  thus  also  gives  »i 
approxiuiation  to  the  length  of  that  period  of  rest* 
This  nile  however  is  subject  to  exceptions:  b«t  the] 
are  sucli  as  do  not  vitiate  its  vahie.  As  formerl] 
shown,  from  the  mode  in  which  elevated  strata  lie.J 
those  which  succeed  to  them  must  often  be  parallel 
or  Consecutive,  as  well  as  reverse;  and  this  double 
relation  may  even  take  place  within  very  small  spaces. 
In  such  cases,  the  interruption  is  determined  by  any 
tract,  however  small,  of  a  reversed  position;  or  by 
other  parts  of  the  relative  characters  of  the  two  ap- 
proximate series,  on  which  it  would  now  l>e  super- 
fluous to  enlarge. 

Now  although  these  reversals  of  position  indicate 
a  revolution  at  that  particular  spot,  they  do  not  prove 
that  such  changes  were  universal  or  extensive.  The 
extent  of  these  is  to  be  judged  of  by  other  circum- 
stances and  principally  by  the  extensive  range  oc- 
cupied by  the  inferior  and  by  the  superior  strata; 
as  will  be  more  fully  shown,  when  tiie  number  and 
natnre  of  these  probable  revolutions  shall  come  under 
review. 

If  there  are  many  cases  of  revolution  which  can 
thus  be  proved  by  a  comparison  of  the  positioos  of 
approximate  strata  alone,  there  is  one,  at  least,  for 
which  we  must  resort  solely  to  other  evidence.  In 
many  instaners,  this  evidence  is  interesting,  even 
where  it  may  be  superfluous;  while,  in  some,  it  serves 
to  indicate  that  which  mere  change  of  position  does 
not,  namely  the  magnitude  and  extent  of  the  revo- 
hition,  and,  that  within  undefineablc  limits,  a  long 


interval  of  time  had  elapsed  betwwn  the  trrniiuation 
of  the  inferior  and  the*  generation  of  the  superior 
scries. 

This  evidence  consists  in  the  fragments  of  previous 
rocks  inil)edded  in  the  later  atiatu,  or  in  the  nature 
and  composition  of  the  cou^lo  me  rates.  By  lueiiiis 
of  these  also,  wc  can  sonietinies  trace,  though  in  an 
imperfect  and  general  manner  only,  the  sources 
whence  the  neu'cr  strata  were  derived;  and  thus  tiiey 
also  aflfurd  some  li;;ht  towards  determining  the  ques- 
tion of  locahty  or  limit,  n-ith  respect  to  particular 
deposits.  The  mode  in  which  these  rocks  are  cal- 
culated to  afford  this  evidence  ought  already  to  he 
apparent.  The  local  conglomerates,  formerly  distin- 
guished from  the  general  ones,  do  not  enter  into  this 
c|ne!>tion,  as  they  have  originated  in  local  causes  of 
another  kind.  The  trap  conglomemte.s  are  c<]ually 
excepted,  as  depending  on  revolutions  in  which  this 
family  of  rocks  is  separately  engaged.  But  the  ge- 
neral ones,  consisting  of  the  fragments  of  different 
rocks,  agglutinated  hy  materials  of  a  finer  kind,  arc 
formed  out  of  the  alluvia  which,  in  a  former  stale  of 
the  surface,  were  the  produce  of  these.  As  tlie  frag- 
ments of  the  present  strata,  produced  hy  tlic  action  of 
the  wasting  forces,  arc  now  forming  beds  iu  such 
places  as  are  fitted  to  receive  them,  so  are  these  de- 
stined to  produce  future  conglomerates,  should  other 
revolutions,  similar  to  tlic  past,  occur.  And  as  these 
accumuiations  neees-iianly  hespctdt  a  long  period  of 
time,  so  do  those  which  enter  into  the  conglomerate 
rocks  equally  indicate  a  long  interval,  during  which 
the  substances  out  of  which  they  are  formed,  occu- 
pied a  place  above  the  waters  or  constituted  a  dry  land 
marked  liv  hill  and  valley,  and  subjftlcd,  as  the 
present  is,  to  the  action   of  rjvcr:i.     J'hc  great  depth 
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of  tlic  Ancr  strata  which  commonly  follow  (hem, 
r(|iiiilly  prove  the  length  of  snch  intervals  of  repose,' 
before  thfv  were  agiiin  lifted  above  the  Wiiters  by 
subsecjucnt  revolutions;  but  they  do  not  prove  iu  the 
same  ilrtisive  manner,  that  llje  rucks  from  which  we 
«till  suppose  them  to  have  been  prodaced,  were  ac> 
tuully  indnruted.  Neither  is  the  motion  or  thctrans- 
j)ortatiun  of  the  nnitcrial»  8o  well  indicated  in  the 
finer  strala;  while  the  fragments  fonnd  in  the  con- 
jjlo  in  orates,  often  tend  to  illustrate  other  circumstan- 
ces of  importance,  which  could  not  be  proved  by  the 
examination  of  ttiOMC. 

The  presence  and  position  of  organic  fossils,  arc 
circumstances  of  a  limitiMl,  though  certain  valne,  in 
proving  revolutions  on  the  suriace  of  the  glol>e; 
though  this  specieH  of  evidence  is  sometimes  rendered 
nugatory,  by  the  multitude  of  concomilaut  circum- 
stances which  affect  these  liodies,  and  by  the  doulrt 
in  whicK  we  must  eonsetpiently  remain  respecting 
their  successions  or  interruptions.  It  is  true,  that 
some  arc  found  in  ihe  primary  rocks,  elevated  high 
above  the  level  of  the  present  ocean.  It  is  equally 
true  that  they  arc  found  similarly  imbedded  in  the 
secondary  strata,  as  well  iis  in  some  deposits,  subse- 
<)nent  to  these,  or  independent  of  them.  It  has  also 
been  shown  tliat  certain  strata  do  not  contain  them,  that 
the  anticnt  arc  less  numerous  than  the  modern,  that 
they  dift'er  in  some  degree  as  to  tlic  species,  and  that 
many  appear  to  be  extinct.  But  none  of  these  facts 
arc  sulHcient  to  prove,  absolutely,  that  there  has  been 
an  interruption  in  the  races  of  these  beings;  or  that 
an  antient  set  of  inhabitants  was  extinguished  before 
u  subsc(|ucnt  one  wim  formed.  Unless  that  could  Iw 
proved,  they  ofttr  no  further  testimony,  in  most 
cases^  on  the  subject   of  revolutions,  than  the  cou- 


glonier.ites  du,  althuiigli  tlH>y  are  vutiiulilt*  n>(>or(lN  of 
time,  as  foiiiiftrly  reiiuirkod:  and  that  this  cannni  lir 
proved,  1  have  shown  jo  (he  prccedinf^rhapter.  But  thrrw 
is  one  cast;  in  which  thq  uvidciue  uObrdod  bv  or<^anit* 
fossils  in  peculiarly  valuable.  It  k  that  of  the  coal 
strata;  in  which,  the  presence  of  terrestrial  hodit-s 
proves  the  produtlion,  above  the  level  of  the  si-a,  of 
strata  which,  but  for  that  ovideni-r,  we  might  have 
supposed  to  have  been  formed  below  it.  The  full 
value  of  this  fact  will  appear  when  these  sti-atii  shall 
hereafter  be  examined.  . 

In  profcrdiiij;  to  enquire  Into  the  mimher  of  the 
revolutions  oi'  tlie  surface  of  the  j;tohe  whicli  ap|H-ar 
capable  of  proof  from  the  evidence  thus  indicated,  1 
must  remark,  that  it  will  depend  on  considerations  of 
other  kinds,  whiit  the  extent  of  these  lias  been  ;  how 
far  ihey  may  be  considered  local,  or  general,  or  uni- 
versal. It  is  also  scarcely  witliiu  the  limits  of  our 
means,  to  euqniix*  into  the  lengths  of  the  intervals  of 
repose  between  snccefisive  revolutions;  since  the  evi- 
dence on  wliich  this  ought  to  rest  is  of  a  very  imper- 
fect nature,  from  the  numerous  accessary  circum- 
stances by  which  it  may  be  vitiated:  though  the  little 
.which  may  he  fairly  offered  in  the  way  of  rational 
Conjecture,  will  be  stated.  And  the  reader  is  now 
ptepared  to  understand  tlie  causes  of  these  revolutions  ; 
as  they  have  already  been  examined  in  trcnting  of  those 
elevations  of  strata  which  offer  the  most  convincing 
proofs  of  them. 

There  was  a  time  when  Geologists  expected  that 
every  enquiry  respecting  the  structure  of  the  earth 
should  contain  an  investigation  of  its  origin  and  crea- 
tion. That  period,  it  must  be  hoped,  is  past.  If 
there  are  any  who  arc  still  desirous  to  commence  their 
rcscurchca  from  periods  whicli  lie  beyond  the  scope  of 
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obwrvation  and  reasoning,  they  can  seek  in  the  works 
of  ilie  Cosniogonists.  Where  we  have  neither  expe- 
rience nor  ut):ilu{?Y  for  our  guides,  all  is  conjecture  and 
durknebs.  As  tur  as  these  extend,  we  are  within  the 
bounds  of  philosophical  imjuiry:  hfvond  it,  lies  the 
lr«;  S|«icp,  the  itheroul  region  of  poeti  y. 

I  ninst  nevertheless  allude,  at  least,  to  the  spernla- 
tions  of  La  Place,  restiiij:  <»n  far  other  j*rounds  than 
those  of  the  Cosinogonists  in  tjuestion ;  though  I 
presume  that  they  are  too  well  known  to  require 
detail.  They  are  rational  and  philosophical,  should 
they  not  he  proved  trne ;  hut  1  do  not  feel  that  I  am 
even  justified  in  slating  the  apjM'nranccs  and  analogies 
on  which  they  rest,  la  a  place  where  I  have  undertaken 
to  detail  only  what  can  be  deduced  front  observation 
and  reasoning  upon  the  earth  as  we  know  it.  Here- 
after, this  fundamental  Theory  of  the  Earth  may  find 
a  filter  place. 

It  is  the  object,  therefore,  of  the  following  discus- 
sion, to  trace  the  disposition  of  the  rocky  surface  of 
the  globe,  from  that  most  distant  or  early  point  at 
whiclithe  marks  of  changeareperceptible, and  topursuc 
its  changes  down  to  the  present  day,  from  the  time  at 
which  these  marks  of  revolution  disappear.  Beyond 
that  distant  point,  it  is  possible  that  there  may  have 
been  other  changes ;  hot,  of  these,  we  can  find  no 
Evidence.  A  curtain  is  here  drawn,  to  Neparnte  the 
visible  world  from  that  which  is,  tons,  as  if  it  h«d 
never  existed,  'lliat  thiw  System  had  a  beginning,  wc 
are  certain :  where  that  may  lie,  wc  know  not  ;  huli 
for  us,  it  is  plaee<l  beyond  that  ara  at  which  wc  can 
no  longer  trace  the  marks  of  a  change  of  order,  of  the 
destroction  and  renovation  of  its  form.  It  is  from  this 
point  that  a  'I'heory  of  tbe  Earth  must  at  present 
cotoDience :  it  is  from  this  also  that  the  present  iaquiry 


begins.  But  it  forms  only  a  portlftD  of  wliat  belongs 
to  a  Tbiiorr  of  the  Earth.  It  is  an  attempt  to  detail 
and  cstublish  hut  one  train  of  facts,  yet  of  important 
OIK'S,  uitd  to  indicate  the  nature  of  the  evidence  and 
the  reasoning  by  which  tliey  are  supported. 

On  the  RcvokiHons  concerned  in  the  primary  Strata. 

I  have  formerly  shown,  that  whatever  differences  of 
antiquity  there  may  be  among  rocks,  we  can  only 
prove  those  relative  ^leriods,  satiafactonly,  in  the  stra- 
tified ones,  under  some  exceptions  which  I  need  not 
now  repeat ;  and  to  these  therefore  nitist  this  inL|uiry 
he  contine<l.  Whatever  relations  these  may  bear  to 
the  horizontal  plane,  their  geological  inferiority  or 
superiority  is  unaffected  by  those,  and  is  assignable : 
and  it  is  in  the  lowest,  therefore,  under  this  sense, 
that  we  must  seek  the  first  or  original  rocks  :  not  the 
"  primordiar  ones  of  theorists,  but  the  first  respecting 
which  we  can  procure  unquestionable  evidenre.  And 
we  know  that  they  iu-e  prior  to  any  unstratified  rock, 
because  it  is  the  production  of  these  which  has  clumped 
the  positions  of  the  others.  The  latter,  taking 
theui  as  one  mass,  form  the  primary  strata  of  the 
present  arrangement  of  geologists,  as  the  lowest  of 
tbis  set  is  the  oldest  stratum  -,  while  the  consecutive 
general  parallelism  of  the  whole,  proves  that  they  have 
been  formed  during  one  interval  of  repose  in  that  ocean 
under  which  their  materials  were  accumulated.  > 

If  now  there  were  no  other  evidence  than  that  of 
position,  for  the  anti(|uity  of  a  rock,  these  primary 
strata,  generally  considered,  would  he  the  roost  antient; 
and  the  lowest  of  them,  supposing  this  ascertained,  the 
fir:>t  of  all.  But  i  have  shown  that  there  is  another 
kind  of  evidence,  to  be  derived  from  their  strncturci 
or  ingredients;  and,  by  reasoning  from  this,  we  can 


464 


ON    THE   SUCCESSIVE    FORMS 


sufrly  infer  llmt  tlirre  hns  Ijcon  at  Iriist  one  order  ofj 
rocks,  prior,  even  to  the  "  prinmry;"  whether  more 
than  one,  will  he  iininrdiiitely  seeii.  Many  of  tfm 
primary  strata  contnin  fra^inrnts  of  older  rocks,  Im'- 
sides  the*  liner  ntutpiiiilw ;  as  I  have  fully  shown,  in 
the  history  of  individual  strata.  Mieaeeou^  sehist 
tlins  includes  fnigincnts  of  limestone,  cjuartz  rock, 
hornhlendii  schist,  granite,  venons  fpmrtz,  and  of  other 
iiiicju-eous  M'hittt:  and  tlms  also  docs  <(uiirtz  rock  eon- 
tain  pebhles  of  qimrtz,  with  fragments  of  jasper, 
micaceous  schist,  and  clay  slate.  In  the  graywaekes, 
or  compound  varieties  oftlic  ar«:ilIaccous  schists,  the 
same  is  notorious ;  Init  the  evidence  is  complete 
without  this.  Thus  it  is  proved,  that,  prior  to  onr 
primary  stratii,  there  have  existed,  at  least,  granite, 
micaceous  schist,  Iiornhlende  schist,  eluy  .slate,  jasper, 
limestone,  f|UartB  rock,  and  tjnartz  occupying  veins. 
There  may  have  been  others;  but,  in  the  mean  time, 
h  18  important  to  obtjcrvc  the  exact  resemlilance  be- 
tween the  present  primary  rocks,  and  the  still  more 
aittient  ones,  from  the  ruins  of  nhieh  they  have  Iwen, 
partly  at  least,  formed. 

Now  as  the  compounded  rocks  now  forming  are 
produced  by  tlie  consolidation  of  fnaterials  carried 
from  the  land  into  the  sea,  it  follows,  that  lieforc  the 
formation  of  the  present  primary  strata  and  while 
tUev  were  still  buried  beneath  the  water  in  their  germs, 
there  was  a  terraqueous  globe;  an  earth  containing 
laud  and  water,  mountains,  rivers,  and  seas.  Tliat 
earth  also  was  formed  of  rocks  similar  to  those  of  the 
present  primary  strata,  and  further,  it  is  important  tn 
observe,  of  granite  also;  proving  that  this  agent  had 
then,  as  in  later  times,  I>een  the  cause  of  the  ele\'utio« 
of  (he  strata.  That  the  sea  of  this  globe  was  inha- 
bited by  animals,  is  proved  liy  tlie  presence  of  organic 
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foSHila  ill  tlir  priiiuu  y  strata,  uh  (lo^orihe^l  in  tlie  last 
tlluptfr;  hnt  if  there  is  uo  proof  that  the  land  was 
uiso  tlms  occupied,  1  have  shown  in  thiit  chiipter,  that 
tbi"  ffvp-ise  cannot  be  itiferred.  If  the  aiitbrucitu  of 
wliicli  I  ihere  Apoke  he  admitted  to  be  of  vegetable 
origin,  then'  k  proof  of  what  were  probably  terrestrial 
plants:  and  if,  as  is  said,  vrgetablp  fossils  have  been 
found  in  the  primary  argillaceous  schists,  this  proof  ia 
unquestionable.  We  have,  at  least,  no  right  whatever 
to  assume  that  it  was  not  an  inhabited  earth  in  wery 
mode. 

I  may  now  in(piire  whether,  by  the  same   mode  of 
invcstig^ation,  we  can  trace  a  still  luiterior  globe.  This, 
it  is  plain,  can  no  longer  be  done  by  the  examination 
of  the  nature  of  whole  strata,  but  it  may  be  attempte<l 
by  that  of  their  fragments.     It  might  indeed   be  de- 
termined  by  the  fragments  of  clay  slate  alone  which 
enter  into  the  composition  of  the  primary  strata.     We 
are  certain,  Iroin   the  imbedded  fossils,  that  our  own 
primary  slates  were  formed  out  of  mud  deposited  in 
the  sea,  and  the  produce  of  rocks  once  existing  above 
the  surface.     I   may  extend   the   same  reasoning  to 
those  rocka  antecedent  to  the  primary  strata,  which, 
once  elevated  above  the  earth,  furnished  the  fragments 
in  (|nestion.  These  tlien  were  the  produce  of  Ji  former 
5Cii,  the  receptacle  of  the  rnins  of  rocks  still  more 
antient,  and  similarly  *'levaled  above  the  waters  to 
which  their  waste  was  convcyi^.     There  is  no  reason 
for   limiting  the  application  of  this  argument ;  for  it 
applies  «|uaUy  to  each  preceding  set  of  similar  plie- 
noinena,  as  it  does  to  the  latest,  which  we  can  almost 
he  said  to  witness  in  the  present  deposits  of  clay.   Bui 
as  no  one  deserving  the  name  of  a  geologist  can  doubt 
that  the  imbediled  fi-agments  in  the  older  strata  are 
really  the  fragments  of  prior  rocks,  whatever  may. 
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have  been  said  by  certain  writers,  no  difficnlty  can 
arise  on  this  subject.  Hence  tben  I  have  drawn  tbe 
farther  conclusion,  that  there  was  one  terraqneons 
globe,  one  earih  divided  into  sea  and  land,  even  prior 
to  that  last  named;  containing  mountains  to  faniish, 
and  an  ocean  to  receive  those  materials  which  formed 
the  second  set  of  moantains  whose  fragments  are  now 
imbedded  in  onr  primary  strata,  or  in  Uiose  of  a  third 
OTder.  Geologists  may  peihaps  be  startled  at  con- 
clasions  which  they  have  hitherto  overlooked,  obvious 
as  they  are,  and  clear  as  the  reasoning  is  :  how  they 
shonld  not  have  been  seen  hv  those  who  have  shown 
such  anxiety  to  maintain  the  antiqnity  of  tbe  globe, 
it  is  not  for  me  to  explain. 

Thus  I  have  traced  a  world,  the  fourth  at  least  in 
order  backwards  from  the  present :  how  much  more 
distant  from  this,  X  shall  inquire  hereafter,  that  I  may 
give  the  reader  a  resting  place  for  that  which  reqaires 
reflection.  But  at  this  point  all  evidence  fails.  Be- 
yond it  we  cannot  now  go ;  and,  beyond  it,  can 
perhaps  never  hope  to  ascend.  Fragments  may  in- 
deed be  imagined,  imbedded  in  onr  primary  strata, 
of  so  complicated  a  character  as  to  be  capable  of  ex- 
tending this  evidence  even  one  stage  fiirther ;  but  it 
is  scarcely  to  be  expected  that  any  thing  of  this  kind 
should  have  been  preserved  through  such  a  series  of 
destruction  and  renovation. 

Whether  that  most  antient  of  all  the  Earths,  which 
is  thus  marked  out  by  these  delicate,  yet  unques- 
tionable evidences,  contained  animals,  we  cannot  de- 
termine. It  is  a  qnestion  that  would  be  decided  in 
the  affirmative,  if  oiganic  remains  were  to  be  found 
in  tbe  fragments  vrhich  enter  into  the  primary  strata. 
We  cannot  hope  for  such  evidence  as  this  ;  hot, 
from  its  absence,  we  have  no  right  to  determine  on 
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the  MCf»iaivo.  It  h  somclliin^,  to  ijiive  traced  cvfn 
an  initiiiniitte  gloht>  through  such  a  series  of  changes ; 
to  have  urrivod  ut  that  which  is,  to  us,  the  com- 
nirnceinent  of  ull  or<h>r.  On  what  exintrd  licforc 
that  period,  wc  may  form  conjectures,  but  we  cau 
reason  iiu  longer:  they  who  ciiiMise,  uiay  iuiagiue 
even  prior  rcvohitions;  since  it  might  he  supposed 
that  the  strata  of  the  most  distant  eaith,  thus  pointed 
out,  must  have  heeii  produced  from  a  still  prior  si- 
milar one.  But  where  evidence  ceases,  the  limits  of 
sound  philosophy  are  drawn.  The  last  globe  that  we 
can  trace,  is,  to  ns,  ihe  primordial  one.  Beyond,  is 
the  rci^ion  of  hypothesis :  it  is  for  tliis  to  speculate 
on  what  preceded,  and  to  fix  the  period  of  ubsoliitu 
Creation. 

With  respect  to  the  nature  and  causes  of  the  revo- 
lutions helungint^  to  tliesc  remote  conditions  of  the 
globe,  we  can  but  argue  from  general  analogy,  and 
thus  presume  tliat  they  resembled  the  later  ones  rci 
spcctiiig  which  we  possess  evidence.  Yet  wc  arc  not 
absolutely  deprived  of  some  evidence  as  to  the  causes; 
6iiicc  the  fragments  of  granite  in  the  micaceous  schist 
are  sntiicient  to  prove  that  the  strata  immediately  an- 
terior to  our  primary  ones  had  been  elevated  by  thi^ 
substance,  just  as  these  have  been. 

It  was  neccKsary  to  commence  from  the  primary 
stntii,  and  to  conduct  this  enquiry  retrogressively  j 
because  the  only  evidence  of  t!ie  earliest  conditions  of 
the  earth  consists  in  their  con^titntion.  But  I  must 
return  to  the  same  point,  for  the  purpose  of  tracing 
forwards,  or  to  Inter  periods,  the  revolutions  suc- 
ceeding to  that  whieh  first  elevated  the  primary  strata 
from  the  bottom  of  the  ocean.  It  mu»l  he  remem- 
bered however,  that  the  term  primary  is  here  used  le 
lift   accepted    st.'nsp,     as  a   conventional    distiuctioi), 
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adopted  for  the  purposes  of  an  aiitieiit  uriiBcial  classi- 
ficalion. 

In  this  state  of  the  earth,  the  present  primary  strata 
occupied  hortzoutal  positions  beneath  tUi<i  ocean ; 
though  wc  arc  nncertaiii  whether  eertnin  parts  of 
those  which  we  now  esteem  snch,  iuig:ht  not  have 
been  the  very  mountains  whence  they  were  formed. 
This  is  probably  tlic  fad ;  liowevcr  incapable  we  yet 
are  of  proving  it,  owing  to  our  iinperfeelobservatiuDS, 
and  the  slill  more  imperfect  views  which  geologists 
have  hitherto  taken  of  a  theory  of  the  earth.  We 
cannot  conceive  that  all  the  suprainarine  land  which 
produced  the  primary  strata  should  liave  been  moul- 
dered and  tr.uisfcrrcil  to  the  sea  before  these  under- 
went their  first  disturbance,  nor  that  it  should  all 
have  been  depressed  l^ennath  the  sea  while  the  new- 
forincd  rocks  were  elevated. 

Whatever  may  he  judged  as  to  this,  the  present 
relative  position  of  the  lowest  secondary  strata  to  the 
primary,  shows  that  the  latter  must  have  been  dis- 
placed before  the  deposition  of  those,  and  that,  here, 
a  general  revolution  has  oecnrn'd.  And  it  is  also 
plain,  that  by  this  revolution,  one  portion  of  the 
primary  strata  must  have  reTfiuiued  beneath  the  waters, 
to  receive  those  deposits  which  produced  the  secon- 
dary ;  while  another  mnsl  have  [jccii  elevated  above 
the  ocean,  to  tiirnish  their  materials,  it  might  in- 
deed be  imagined,  that  a  continuation  of  the  same 
actions  on  the  mountains  which  furnished  the  ma- 
terials of  the  primary  strata,  had  furnished  those  of 
the  immediate  secondary  aUo,  and  that  no  parttun 
of  these  had  been  elevated  above  the  sea  in  this  revo- 
lution, however  displaced  liencath  it.  But  this  ques- 
tion is  answered,  by  showing  that  the  lowest  secon- 
dary stratum  contains  fniginents  of  rocks  which  em 
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icarcely  havo  been  derived  from  any  other  sybtem   of 
strata  than  ibut  of  the  primary  ones. 

I  must  now  remark  of  the  "  transition"  rocks  of 
Geologists,  that  as  this  term  was  founded  on  a  false 
and  itiipossibln  theory  of  the  deposition  of  rocks, 
and  as  the  nature  and  boundaries  of  (his  chiss  have 
never  yet  Iwen  ileiined  or  proved,  I  have  not  ^iveu  it 
a  phup.  in  this  work,  amonjj  the  facts  of  Geology, 
Yet  if  it  shoiih)  really  he  eatablislied  l>y  fnture  and 
b*;lter  observations,  1  shall  owe  the  science  an  apo- 
lop;y  to  which  1  eantiot  yd  consider  any  geologist 
entitled;  and  the  views  just  held  out  mnst  be  modi- 
fied accordingly,  by  the  addition  of  another  eonditioti 
of  the  earth  and  another  revolution.  On  the  pro- 
bahltt  nature  of  this,  it  would  he  idle  to  speculate 
until  proofs  of  the  existence  of  such  a  series,  distinct 
from  tliG  primary,  aud  intermediate  between  it  and 
the  lowest  of  the  Becoudary,  shall  be  produced,  and 
till  it  shall  be  shown  what  relative  position  it  bears 
to  the  former. 

We  have  now  therefore  u  new  ocean  and  a  new 
earth  ;  a  slate  in  which  we  are  sure  that  there  were 
sea  and  land;  an  ocean  receiving  the  ruins  which 
form  the  lowest  of  the  secondary  strata,  brought  into 
it  by  the  flow  of  the  rivers,  and  mountains,  from 
which  these  rivers  flowed ;  consisting  of  the  very 
rocks  which  form  the  primary  mountains  of  the  pre- 
sent globe.  In  that  new  ocean  lived  the  animals 
which  are  now  imbedded  in  the  most  antient  of  the 
secondary  strata  ;  hnt  our  proofs  are  imperfect  when 
we  try  to  discover  whether  that  dry  land  was  also  in- 
habited. No  remains  of  land  animals  are  found  in 
the  lowt'sl  red  sandstone,  or  in  the  mountain  lime- 
stone whicfi  succeeds  it ;  hut  tlie  sami!  evidences  of  a 
vrgetahic  world  exist,  iis  in  the  ca»e  nf  the  ^liiUQX^ 
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stRita.  Yi't  this  ubscncu  docs  not  proTc  a  impatke. 
These  strata  were  fyrjiii^  hcneath  an  oceao ;  and, 
iiiidtM'  that,  terrestrial  plants  or  anluials  couM  nut 
have  heen  dopositrd,  vithnnt  a  transportation  which 
few  could  have  resisted  with  the  prescn'ation  of  their 
integrity  ;  which  none  might.  It  is  ijtilt  po»sihle  thtit 
such  remains  may  be  found,  as  our  experience  is  yet 
limited  :i8  to  these  subjects. 

1    Whether  the  revolution   which    first  elevated   thr 
primary  strata  from  the  buttoui  of  the  «eti,  was  nni- 
vcrsiil,  or  partial,  we  cannot  determine.  Tlieorists  havi* 
considered    it  universal,  it  i-s   true;    hut   the    proofs 
are  far  from  conehiaive.     *niese  rocks  are  indce<l  found 
no  widely  disseminated  over  the  present  surface  of  the 
earth,  that,  in  a  certain  sense,  they  may  be  ealletl 
universal.     But  it  nmst  he  remembered  that  they  do 
not  appear  above  tJiat  highly  disproportionate  extent 
occupied  hy  the  ocean ;  so  that  even   if  proved  to  l)c 
elevated  where  they  arc  now  visible,  at  one  period  of 
lime,  that  revolution  would   not   be  universal  in  the 
Htrict  sense  of  the  term.     Bnl   perhaps  this  is  to  re- 
fine too  much:  it  would  be  fairly  judged  so,  if  it  were 
not  proved  that  many  revolutious  of  the  surface  were 
strictly  partiij,  and  that    every   one  ought  therefore, 
probably,  to  be  viewed  as  involving  changes  of  greater 
or  less  extent. 

It  must  here  he  recollected,  that  the  whole  of  the 
primary  strata  as  we  know  them,  vratc  not  hronght 
to  their  present  ploees  by  one  revolutiou;  we  are 
eeriaiii  that  they  underwent  two,  and  even  more;  as 
it  is  evident  thiit  they  must  have  been  elevated  a 
second  time,  at  least,  together  with  the  secondary 
stratii,  were  tliere  even  but  one  revolution  as  to  these. 
TIk-  rmlvs  which  furnislnd  the  materials  of  llie  Inttei 
wcJTc  umiuesiionably  clevukd  above  the  ocean  hv  the 
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\    first  revolution   u-liirli   ilisplacrfl   tlieni;  but  us  they 

!wcrt'  iigiiin  elevated  a  second  time,  or  oftener,  together- 
with  tlie  secondary  slrata,  other  rocks,  or  Ircsh  por- 
tions, niiivt  have  cmcrgeU  at  the  muiie  jieriods.     And 
all  thcRC  jnuiit  have  emerged  for  llie  first  lime,  which 
I    are  now  covered  hy  the  secondary  strata ;  though  ihcy 
'    had   pri'vioualy  been  displaced  Uencatli  the  sea,  since 
liicsc    strata    were   deposited    on    thorn    btneatii    the 
waters.     It*  as  has  been  supposed,  the  present  secon- 
dary strata  did  once  entirely  cover  the  primary,  the 
whole  of  tliese   latter  uinst  have  ipniained  at  the  bot- 
tom of  tlie  ocean,  after  their  displacement;  and  no 
dry  land,  con&isitiug  purely  of  the  primary  rocks,  ever 
existed.     But   we  are  sure  of  the  contrary;    because 
it  19  only  in  such  a  situation   that  they  could  have 
funUHlicd    the   materials    of  the    secondary.     Hence 
there/ore  I  must  conclude,  that  some  of  the  primary 
strata  ucvcr  were  covered   by   auy  secondary    ones; 
while  the  others  have  emerged  during  that  subse(|uent 
change  wlucli  brought  tJte&e  to  thcsurfa<'e.     ]n  sonic 
places,    these    have  prol>alily  Ijcen   laid  bare    by  the 
actions  of  waste  now  going  on;  thus  preventing  aa 
from  dislingui.Hhing  the  two  cases:  iu  others  they  con- 
tinue covered.     To  assume,  as  has   been  done,  that 
the  whole  of  the  primary  strata  were  once  covered  by 
the    secondary,    we   muat    conceive,    that,   after  one 
«levatiou,  ihey  were  again  entirely  depresi»ed  beneath 
the  sea  for  the  purpose  of  receiving  these;    while, 
even  then,  their  production  cannot  be  explained,  as 
there  could  have  lieen  no  .snpramarine   laud.     This  is 
lo  invent  an  iuipo^tsible  hypothesis  to  account  foe  that 
which  cannot  be  proved  to  have  existed. 

Having  thus  examined  the  successive  conditions  of 

:the  globe  thai   were  anterior  to  the  appearance  of  the 

secondary   ^ijata.  above  tbc  oceuu,  it  is  propi'r  to  en- 
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(juirc  of  thegieut  (lue^tioii  of  Time.  Uts  iiol,  uf  ronn»e, 
lucaiit  to  ttbk  whixt  was  the  ab^iotutc  Iciiglh  uf  time 
wliich  passed  fron»  the  first  condition  tn  that  lust  vx- 
aiiiintKl,  nor  of  that  which  was  appropriated  to  each 
particular  conditio!).  Such  questions  lunst  for  ever 
lie  beyond  the  sphere  of  our  powers.  But  wc  cam 
discover  that  the  whole  period  luiist  have  been  iu- 
oalculably  great,  tlial  even  one  of  the  portions  was 
of  imincntte  duration;  and  hereafter,  in  coujpiiring  all 
these  portions  with  each  other,  up  to  the  present 
time,  although  we  shall  never  discover  the  absolute 
length  of  any  intervtU,  wc  sliall  be  able  to  draw  ni- 
fereuces  respecting  their  comparalivc  ipiautities  ;uid 
general  sum. 

Wc  have,  in  the  first  place,  no  means  whatever  of< 
oonjectnring  the  length  of  time  occupied,  in  any  case, 
by  the  inten'al  of  change  or  revolution.  Whether 
the  elevation  of  the  strata  which  accompanied  and 
immediately  produced  it,  was  of  long  or  short  dura- 
tion, whether  it  consisted  in  a  series  of  repeated  actions, 
or  in  one  sudden  and  violent  catastrophe,  ntust  for 
ever  remain  unknown  to  us;  though  the  present 
nature  of  volcanic  action,  to  which  it  must  have  been 
analogous,  should  lead  us  to  infer  a  considerable 
duration^  and  repeated  actions.  But  we  are  not  left 
equally  in  the  dark  respecting  the  interval  of  repose; 
that  interval  during  which  there  existed  a  world 
din<^ed  into  sea  and  land,  and,  in  one  case,  at  least,i 
of  the  diftcrent  periods  up  to  the  point  in  qucntion, 
inhabited,  lliat  interval  is,  in  every  euse,  lueasiind  by 
the  submarine  deposits  of  the  sea  which  was  the  oceanJ 
of  that  world;  and  to  these  wc  gain  access  in  the  Mili»e-j 
quent  revolution  which  brings  them  to  the  surface  nf  tlie 
I'aith.  We  have  everv  reason  to  know,  from  what 
h  now  taking  place  uii  our  own  curlli,  that  lite  ac- 
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cuiiiulutioii  of  wutcriaU  at  the  buttoui  of  ihu  ocouii 
h  a  work  infinitely  slow:  wc  are^tiic  ttiiit  trnvh  an  ac- 
cumulatioii  as  shoiikl  proviucetlieptimuiy  strata  us  we 
now  ace  tlicm,  must  have  occupied  a  space,  from  the 
cuuteiupladou  of  whieli  the  uiiiid  shrinks.  Wliatever 
that  may  be,  the  geological  depth  of  the  c<»useculivu 
series  of  any  one  stage  of  llic  suriiice,  is  ihe  meiuure 
of  the  time  ihrougli  which  it  was  dcposired:  it  i-*  the 
measure  uf  the  duration  of  that  world  which  intnicdi- 
ately  preceded  llie  one  of  which  it  forms  the  latest 
stratified  portion. 

Hence  the  duration  of  that  state  of  the  glul)e  in 
which  its  dry  land  consisted  of  the  present  primary 
rocks  alone,  is  measiired  by  the  nearest  consecutive 
mass  of  the  present  secondary  strata ;  and  as  we  have 
not  yet  examined  into  these,  tliis  fjuestion  cannot  he 
tavestiguted  till  at  u  future  period  of  tlie  present  en- 
quiry. But,  for  the  same  reason,  we  :u-e  competent 
now  to  cncjuire  of  the  dnration  of  that  world  which 
preceded  the  primary,  because  it  is  measured  by  tlntse 
strata,  now,  ecjually  with  tlie  secondary,  subject  to 
uur  inspection.  J'he  thickness  of  these  strata  wc 
know  to  be  enormous,  ahhougli  subject  to  great 
variety.  But,  jti  ibis  variety  (if  depth,  the  present 
fjuestion  of  duration  is  not  interested ;  since  that  ni  iist  Ix; 
neasnred  by  the  greatest,  not  by  tlie  least.  How  these 
depths  arc  diecovrred  by  geological  observations  and 
inferences,  was  shown  in  a  former  ciiiipler;  and  that 
they  extend  to  many  miles  was  ulso  proved.  Their 
alMolute  depth  is  not  interesting  in  this  enijuiry,  ho- 
ransc  we  know  not,  in  any  case,  the  relation  betwt^en 
that  and  the  time  required  to  produce  it.  It  is  here 
sufficient  to  show  how  the  immensity  of  the  one  is 
hn  plied  by  the  magnitude  of  the  other.  Yet  it  is  also 
inleri'sling  to  observe  com paralively,  that  as  the  great- 
est depth  of  the  primary  strata  yet  ex'Anux\»;A.  ^-^^-wrfc 
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far  grcatiT  lliaii  tliat  of  iho  first  conscculivP  poilioii- 
of  tho  Sfcondnry,  so  the  duration  of  that  state  of  the] 
rarth  which  pretedcfJ  ihi*  one  in  whicli  the  present 
primary  rocks  formed  the  only  surface,  was  greater 
than  the  duration  of  that  which  iuimediatety  followed 
it,  and  of  which  the  length  is  nientjiired  by  the  Bntti 
portion  of  (he  se<*ondary  strata.  The  primary 
strata  measure  the  repose  of  the  precedinp  ocean. 

R4'yond  this  wo  cannot  jzo  a  step  on  the  suhject  of 
duration;  at  o'ery  point  anterior  to  it,  all  must  for 
ever  leniain  unknown,  hccause  we  have  no  longer  any 
deposits  of  strala  hy  which  to  calculate.  Changes 
have  been  proved;  and,  with  these,  our  en(i|nirirs  inu§t 
inevitably  cease.  Here  also  I  must  termiuute  the 
history  of  those  states  of  the  earth  which  bring  ua 
down  to  the  secondary  strata;  to  that  which  has  been 
supposed  the  last  great  revolution  oi"  the  earth,  bat 
which,  1  hope  to  show,  is  only  otic  out  of  many,  of  1 
■which  the  traces  arc  lei^ibly  written  in  t-haractcrs  thai 
caimut  be  misapprehended, 


On  the  Hevoluthns  cmicerned  in  the  Secondwy  SlraNi. 

While  the  present  primary  rocks  formed  the  sole 
dry  land  of  the  terraqueous  jjlobe  last  described,  the 
usual  causes  of  waste  were  depositing  on  the  bottom 

,iof  its  ocean,  niuteriats  destined  to  rise  ii^ain  in  future 
strata.  As  the  former  had  been  already  displacxd, 
ihe  horizontal  deposits  which  thus  t{)vert;d  them 
became  necessarily  incuubecutivc;    preserving,  Itow-j 

^jvvcr,  H  paralleliiim  in  some  placc!*^  wUUe   thgy  Absn-j 
u»ed,  in  others,  one  variously  revei-so,  according  to  the 

./previous   state  of  the  foundation  on  which  they  were 

^rJaid.  In  that  various  position,  we  now  Hiid  them 
elevated  above  the  surface  of  the  walCTi  and  thus  the 
srcondarv  strata,  or  that  division  of  them  now  luidcrj 
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review,  are  (]istiiiu:uis)ie(l  from  the  priijiary,  tboujr'" 
they  Rhould  not  every  where  he  iiieonsecutive.  Jt 
is  sufliciciit  if  that  occurs  in  nny  one  instiuu  c ;  he- 
tniuae,  had  they  been  formed  after  tlie  primary, 
ill  the  same  period  of  repose  unckT  the  same  oct*aii»  it 
eonld  not  have  happened,  even  in  one. 

1  need  hut  repeat  now,  that  the  priniary  -strata  fur- 
nished the    iiiaterinls  of  the  secondary    ones,  heinj; 
thns,  above  tbc  ocean  ;  yet  this  fact  exphiiiis  annlhtv 
set  of  geologieid  appearances,  of  some  importanee. 
not  yet  noticed.      Thi»  is,  the  absence  of  the  lower 
order,    as    of    any  other  superior  ones,    among   the 
secondary  strata,    even    when  still  higher    ones  are 
present.     The  |)rimary  ones  which  had  emerged,  and 
could  not  therefore  have  been  covered  by  ttieni,  he- 
came  depressed  by  suhsecjuent  revolutions,  as   I   shall 
hfreafter  show,  and  thns   received  tbc  ileposits  of  a 
later  date,  which  uii^lit  thus   have   been   stnitified  in 
contact  with  tbein,  even  as  far  up  as  the  uppermost ; 
while  I  have  fortnerly  shown  that  this  occurrence   is 
freiptent,  under  many  modes.     And  as  it  nill  he  nn* 
neees.sary  hereafter  to  point  out  how  this  miL'ht  have 
owurred  in  specific  cases,  in  ihc  sevenil  portions  of 
ihe  g-eneral  series,    I  shall  not  re|M*rtt    the    nniarlt. 
Aminig;  the  complicated  elevations  which   have  taken 
place,  it  is  easy  to   find  solutions  for  evrry  such  in- 
stance   of    internn-diute    difieieneies :     cither  in  this 
catise,  or  in  the  removal  of  str.ita  which  bad  once  been 
•  deposited,  the  foundations  of  which  had  l>een   after- 
vard.s  sidmicrp-d  to  receive  new  ones. 

I  must  now  entjuire  respecting-  the  period  of  repose 

witich  took  place  in  tbat  world,  of  which  the  primary 

Ibtrata  formed   tbc   dry  land.       Of  that   iiiLcrval,  the 

Uiiubcl  bmit  is  the  period   of  the  elevation  of  these 

;ka  fi-om  the  sea,  or  that  of  the  conimcncciacnt  of 
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ihe  (U'positinii  of  the  secniidar)'  strata;  and  the  lowest 
is  tiiat  at  which  this,  the  next  subKCCjiient  series,  nr 
any  part  oi  it,  was  elevated.  It  is  therefore  necessary 
to  ascerlalu  the  place  of  the  next  revolution  whicK 
followed  the  one  which  raised  the  primary  strata ;  and 
this  eiui  br  dune,  oqIt  by  examining  the  whole  of  the 
Beeoiidary,  anil  by  observinj^  where  the  first  indica- 
tions of  such  a  chanjjc  occur,  'lliat  it  did  not  involve 
hII  of  these,  as  denoted  by  this  gcncnd  term,  I  hinted 
before,  and  shall  now  attempt  to  prove;  by  showing 
(bat  tlie  greater  part  of  them  were  not  tu  existence  al 
the  time  of  the  br^t  elevation. 

.  We  do  not  know  the  nature  and  nUDiher  of  the 
unconformable  strata  wbicJi  follow  the  primary  in 
every  part  of  the  world;  while  I  have  also  just  shown, 
us  I  have  formerly  proved  by  facts,  that  deBcieneies 
may  occur,  in  such  a  manner  as  to  permit,  in  one 
9)lacc4  an  upper  member  or  an  upper  series  to  come 
into  contact  with  a  rock,  from  which,  in  some  other, 
it  is  separated  by  a  (;rcat  number  of  intcrveninp 
strata.  Thus,  even  strata  high  up  in  the  secondary 
series  have  been  shown  to  eome  into  contact  with 
gneiss  and  with  granite.  This  fact  therefore  does  not 
aft'eet  the  general  reasonings  that  arc  to  follow  :  iti 
.some  cases,  it  may  sliow  that  certain  revolutions  were 
partial :  in  others,  it  is  explained  by  various  circiini- 
stanees  already  examined,  such  as'  the  loss  of  pre-ex- 
isting strata,  and  the  ciFects  of  the  elevating  and  dis- 
turbing fon*es.  It  is  sufficient,  for  the  present  pur- 
pose, to  assume  tlio  lowest  seeoiulary  strata  which 
exist  in  any  part  of  the  world.  If  these  should  prove 
very  limited,  it  will  follow  that  tlie  revolution  which 
disturbed  them  was  ])artial ;  if  widely  disused,  that 
»it  was  more  general,  or  perhaps  universal.  Vo  sim- 
iplify  this  i|Ucsiion,  therefore,  1  sliall  take  the  lowest 
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of  the  Engliali  scnc^^  the  red  HamlstoiK^  and  tho  moun- 
tain liiuetitoiic,  butli  of  them  iufcrior  to  the  coal 
strata.  MMiutcver  rocks  in  any  other  part  of  the 
ejirlh  shall  be  found  to  hold  an  analogous  puHitiun, 
\t€  their  <jualitics  what  they  may,  ihcy  will  be  in- 
chided  hi  the  same  general  n^asoniniCH  ;  care  bring 
lidten  not  to  diicide  in  tlicae  by  their  inferior,  Imt  hy 
their  stiperior  portions ;  not  hy  the  roik»  on  whieli 
they  repose,  hut  Iiy  those  which  follow  them  in  the 
order  upwards. 

The  lowest  secondary  strata  then,  in  Eni^Iand,  are 
followed  l)y  a  scries  of  sandstones  nud  shales  inter- 
stratifiid  with  coal ;  and  at  that  point  the  hrst  revo- 
lution or  elevation  of  the  secondary  strata  must  be 
fixed.  If  sucli  an  interval  of  revolution  cannot  here 
be  alwavs  proved  by  the  two  first  classes  of  evidence 
originally  laid  down,  namrly,  contrariety  of  position 
and  the  presence  of  materials  derived  from  the  rocks 
immediately  preceding:,  it  is  amply  evinced  hy  the 
tliird,  or  by  the  presence  of  terrestrial  remains.  'I'he 
coal  strata  were  formed  above  the  level  of  tlie  sea ; 
and,  being  founded  on  the  inferior  secondarii  strata, 
it  is  evident  that  these  had  become,  to  a  certain  de- 
gree, dry  land  before  that  period.  This  evidence  in- 
deed is  abundantly  confirmed  by  the  occasional  dis- 
cordance of  position  between  tlic  two  series. 

Thus  then  we  have  proofs  of  a  revolution,  partial 
or  otherwise,  which  elevated  the  inferior  secondary 
strata ;  and  it  is  the  third,  at  least,  in  order,  uf  those 
which  have  occnrrcd.  To  conjecture  its  extent,  wc 
ought  to  know,  over  how  many  parts  of  the  earth 
these  inferior  strata  can  be  traced.  On  this  subject, 
unfortunately,  our  information  is  still  defective;  from 
the  confusion  which  some  geologists  have  made  re- 
specting the  secondary  strata.       Uut  if  the  coal  series 
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of  England  should  l>e  found  widely  difTused  ovpt  the 
globe,  it  would  prove  that  this  Fcvolution  had  been, 
at  least  equiiUy  exteusive. 

It  must  now  however  be  observed,  as  before  hinted, 
that  the  secondary  strata  could  not  have  been  cle^ 
vated  above  the  level  of  the  waters  without  their 
foundations  ;  and  thus  therefore  the  primary  strata 
are  proved  to  have  experienced  two  disturbances,  at 
least,  up  to  the  prcBcnt  point:  two,  if  these  revo- 
lutions were  general ;  many,  respecting  which  we  can 
form  no  conjecture,  if  they  were  partial  and  succes- 
sive, or  different  in  different  places.  And  as  the 
perio<)  of  repose  of  that  world  in  which  these  lowest 
secondary  strata  were  formed,  is  m^isnred  by  their 
depth,  it  was  apparently  infiirior  in  duration  to  that 
of  the  condition  which  preceded  it ;  as  their  greatest 
or  average  dimensions  do  not  appear  to  equal  those 
uf  the  primary. 

At  this  point  in  the  revolutions  of  the  glohe,  Aere 
commences  a  very  intricate  set  of  changes,  without 
which  it  is  impossible  to  explain  the  generation  and 
positioQ!.of  the  coal  strata.  These  occupy  detached 
places,  reposing  on  the  inferior  rocks  wherever  they 
happen  to  lie ;  often,  if  not  always,  -in  an  uncon- 
formable position  to  those,  and,  frequently,  very 
much  disturbed.  They  consist  of  various  alternations 
of  sandstone,  shale,  clay,  and  coal,  and  occasionally 
of  limestone  ;  varying,  almost  every  where,  in  num- 
ber, in  order  of  alternation,  in  the  proportions  of  the 
several  substances,  and  in  the  total  depth  of  the  whole 
deposits;  We  have  no  reason  to  think  that  they  are 
the  produce  of  different  aeras,  if  they  do  not  always 
lie  on  the  same  rocks  ;  for  the  reasons  alretuly  stated: 
there  is,  on  the  contrary,  some  reason  to  think,  but 
no  proof,  that  they  are  the  produce  of  the  same ;  bp- 
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caiwc  of  tliclr  gciKTuI  siiiiilurity  ot'  cliarHctrr,  Imthhsr 
of  thu  nitttirt:  and  extent  of  tlic  striitu  wliitli  iaiiutMli- 
iitely  follinv  them,  heriuiso  of  their  corrrspoiKlt^no; 
in  gct)Ioj;itiil  ftaturt's,  and  henmsr,  In  siiijposr  other- 
wise, is  to  rriitluT  titill  niorf  rttni plicated  (he  view  of 
tlie  revoliitious  ou  which  their  present  states  ninst 
l»;ive  depended.  1  must  ;it4east  reason  on  ihein  as  if 
they  were  of  one  [iprinil  ;  timt  I  may  preserve  the 
needful  simplicity  of  this  cncpiiry:  sh<mhi  they  prove 
of  dilTercnt  -cerus,  the  iiiodifieutions  tlnit  will  l>e  re- 
qiiiivd  are  olivions,  and  the  train  of  rciisuiiiiig  is 
pointed  out. 

The  couipositioii  and  nature  of  these  siriita,  no  less 
than  the  presence  of  their  i>eculiar  t>rgaitic  fossils, 
prove  that  tliey  were  formed,  as  far  as  they  are  earthy 
suhstaiiees,  from  the  ruins  of  rocks  tlien  above  the 
surface  of  the  water  whicli  received  these.  Those 
must  have  consisted  hoth  of  the  prinitiry  and  tite 
lower  secondary  strata,  as  both  were  then  elevated 
above  the  waters.  But  ahhouo;li  the  coal  strata  were 
formed  beneath  water,  they  could  not  have  been  pro- 
duced beneath  the  ocean.  They  inchide,  lI»ronghout, 
the  remains  of  terrestrial  plants  which  could  not  have 
undergone  transportation,  as  tlie  very  cosil  itself  is 
proved  to  he  the  result  of  an  accumulation  of  vege- 
tahlca.  Their  analogy  to  the  recent  depositions  of 
peat,  and  to  its  alternutiotis  with  sand,  marl,  and 
ehiv,  OS  these  occur  in  our  ])reseiit  fresh  water  lakes 
and  bogs,  eqnally  tend  to  show  that  they  were  formed 
on  the  land  ;  in  marshes,  or  on  the  nuirgins  and  bot- 
toms of  lakes  and  lestuaries,  in  u  numner  sintilur 
to  that  in  which  strata  are  now  formed  in  lakes  or 
beneath  the  ocean.  'Ihongh  there  shotild  be  bome 
ditficultv  in  arcouniing  for  the  great  depth  and  the 
niunerous  alternations  in  some  of  these  deposits,  the 
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pciun-ji!  prinriplo  is  not  aH'tTted.  If,  during  ll»c  pre- 
Hrtiit  statfi  of  the  surface,  several  uUeruulious  of  peat 
flud  rarthy  iiiattiT!^  can  bi-  furmed  in  our  lukes  and 
a.'stuarieH,  niiich  niDru  uuiultuiis  ones  ini^lit  luive 
been  prodiicHl  in  antient  periods,  nndL*i-  greater  du- 
ration, and  under  variations  of  the  state  of  the  sar- 
facv,  the  chief  of  which,  ht>  bearing  on  this  i|He»tiou, 
I  %hn\\  3borlly  explain. 

Here  then  is  a  state  of  the  earth,  during  which  a 
large  portion  of  it,  htid  dry,  contained  cavities,  lakes 
or  basins  or  a-stnarics,  in  wliicb  were  preparing  h 
peculiar  set  of  slnita;  nhile  that  period  of  repose  is 
lucaijured  by  the  di-pth  of  the  coal  serJej  in  any  phice: 
and  as  we  know  that  in  some,  it  is  ver_,  considerable, 
the  period  in  question  must  have  been  corre-spondeatly 
great.  But  while  these  deposits  were  forming  above 
the  sea,  it  is  plain  that  others  luuijt  have  been  also 
forniinj;  lielow  it;  and  the  depth  of  those  will  eorre- 
spoud,  under  difierences  wluch  tvc  shall  never  know, 
with  those  of  the  c:oal  strata;  being  formed  during 
the  saute  period  of  n*pose.  This  could  not  have  been 
otherwise;  and  we  must  therefore  expect  to  find,  that 
as  the  coal  strata  are  not  every  where  iutcruie-diate 
between  the  interior  set  and  iliat  which  lollows  iheui, 
some  other  strata  must,  in  particuhir  places,  be  found 
occupying:  that  space.  Such  marine  strata  mnst  be 
parallel  in  time,  but  not  in  order,  with  those  of  the 
coal  scries  ;  althougli,  having  been  afterwards  sub- 
I  jected  to  t!ie  Hatne  rrvolutious,  they  must  correspond 
with  them  in  their  new  positions  or  elevations.  Thus 
then  the  strata  of  tJiis  cpocha  must  present  complicate<I 
I  appearances :  seeming  to  have  been  formed  at  different 
periods,  when  tlu'v  have  been  siinulianeous,  and  the 
diiferenctrs  depending  on  those  of  their  receptacles, 
(fcolo^ists  have  not  yet  proiluced  satisfactory  de- 


scripttoiis  of  a  state  of  thing's  which  scoins  »ovcrtlie- 
Icss  unavoidiiblc.  In  fact,  lia\nng  never  reasoned 
correctly  respecting  the  con]  stnita,  they  Iiavc  had  no 
guide  to  a  correct  system  of  observations  ;  while  as- 
suming a  false  tlicory,  or  rather,  omitting  to  forni  a 
right  one,  they  Iiuve  viewed  these  as  if  they  formed 
part  of  a  general  acrieg  produced  under  the  ocean  ; 
thu3  giving  them  an  intermediate  place  between  the 
inferior  ones  and  those  which  n'ere,  in  some  cases, 
superior,  but  could  not  have  been  so  for  the  -whole 
scries  upwards  from  tlie  strata  below  the  coal,  At 
present,  I  know  not  how  to  correct  this  error,  or  fill 
this  blank,  from  sucli  observations  n",  I  liavc  been  able 
to  make,  or  by  comparing  the  reports  of  other  ob- 
servers ;  since  it  is  always  extremely  difficult  to  reason 
from  had  observations,  when  truth,  and  not  system,  is 
the  real  object.  But  it  must  be  pluin,  that  we  are  in 
greAt  error  or  ignorance  as  to  the  order  of  the  strata 
from  the  lowest  red  sandstone  and  its  "  mountain" 
iimesfone  upwards,  that  the  confusion  or  ignorance 
depends  on  this  very  fact,  so  utterly  overlooked,  and 
that  till  this  portion  of  the  later  rocks  is  investigated 
and  settled,  there  will  remain  a  serious  blank  in  a 
most  essential  portion  of  Geolog-y.  At  present,  I  can 
do  no  more  than  point  out  the  principles  of  invcstt- 
gntion,  in  tlds  view  of  the  necessary  state  of  things ; 
and  must  hope  that  it  will  excite  others  to  examine 
into  matters  of  much  more  impoitance  than  those  in 
which  they  now  seem  engaged.  It  mnst  be  plain,  at 
least,  that  the  theories  which,  in  our  systems,  repre- 
sent nil  the  strata  cnunierated  after  tlie  coal  scries,  as 
following  it  in  un  order  of  superposition,  are  er- 
roneous; while  we  have  not  at  present  any  proof  of 
such  superposition,  beyond  the  cases  in  which  it  is 
actually  found,  or  can  he  fairly  inferred  by  the  nsnnl 
rnles  a])plied  to  the  investigation  of  consccvxUNC  «,VeA\?w. 

VOL.    J.  \    V 
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To  ciujuirL'  of  the  revolutions  to  which  the  coal  series 
may  have  been  sulyceted,  it  is  necessary  to  proceed  to 
the  next  stage  in  the  ehungcs  of  the  earth's  suHiicc,  or 
to  that  set  of  strata  which  immediately  follows  it. 
Did  none  follow,  and  did  it  now  remain  on  the  surface, 
in  a  state  of  nudity  as  of  repose,  we  might  imagine 
that  the  wirth  had  undergone  no  more  revnlutions- 
In  some  places,  it  is  actually  the  uppermost,  as  is  the 
case  in  Scotland,  But,  even  there,  it  is  not  horizon- 
tal and  undisturbed,  as  it  ought  on  this  supposition 
to  be:  whence  we  may  safely  conclude,  that  all  the 
coal  strata  yet  known  have  undergone  an  analogous 
if  not  a  simultaneous  disturbance,  whether  now  ac- 
tually followed,  or  not,  by  those  which,  in  some  places, 
succeed  to  them. 

It  might  be  sufHcient  here  to  name  the  magnesiun 
limestone  and  the  red  marl  as  two  strata  immediately 
following  the  coal  with  us.  Where  that  series  is  not 
present,  they  succeed,  of  course,  the  next  inferior 
stratum,  as  might  he  expected.  Now  these  are  of 
marine  origin;  since  they  contain  umrinc  remains,  as 
do  the  multifarious  beds,  np  to  the  Chalk,  which 
follow  them.  Their  materials  were  therefore  depo- 
sited under  the  ocean,  before  being  indurated  and 
elevated  as  we  now  find  them.  And  when  tlicir  ac- 
tual superposition  to  the  cojJ  stratii  is  proved,  especi- 
ally in  an  unconformable  oi-der,  the  doubts  just  stated 
arc  excluded. 

Putting  aside  the  fantasticul  theory  of  augmenta- 
tionsand  diminutions  in  the  ocean,  under  which,  were 
it  not  in  itself  perfectly  untenable,  the  coal  aerips  must 
have  been  horizontal,  as  the  suj>eriQr  ones  nuist  have 
also  followed  in  consecutive  order,  the  land  must 
bave  subsided  to  have  jiroduced  these  effects.  Else, 
the  red  marl  and  llie  subset|uent  marine  strata  cookl 
not  have  been  gcuerated.     Here   then  is  a  rcvolotion 
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the  surface,  apparently  Llit  reverse  of  all  ihc  pre- 
ceding; coubisting  in  n  depression  of  llie  huul,  instead 
of  its  elevation.  Thns  depressed,  the  ocean  which 
covered  the  coal  stmta  and  all  those  wliich  sank  with 
it,  became  the  repository  of  the  materials  for  the  next 
consecutive  series  ofthc  secondary  strata;  eommencini^, 
aa  wc  suppose,  with  the  niagnesian  limestone,  and 
terminating  at  a  point  which  does  not  appear  to  have 
l>een  the  same  in  every  part  of  the  world.  In  England, 
it  is  the  ehalk. 

The  effects  of  this  change,  viewed  as  a  revolution, 
must  have  been  no  less  extraordinary  tluni  its  cha- 
racter; since  it  implies  a  corresponding  depression,' 
not  only  of  the  secondary  sti-ata  bcncatli,  but  of  the 
primary  rocks  also,  with  a  change  in  the  disposition 
of  the  earth,  wherever  it  occtin"ed,  extending  to  great 
depths  and  of  enormous  magnitude.  Snch  views  as 
tliis  may  be  alarming  to  minds  which  fear  to  move 
one  step  out  of  the  mere  path  of  observation;  yet 
every  part  of  the  theory  of  the  earth,  thus  far,  is  so 
mutually  linked,  and  every  foct  so  confirms  every  other, 
that  we  cannot  atop  in  the  chain  of  consequences. 
They  who  will  not  reason  may  renounce  the  whole, 
hut  they  cannot  except  a  ])art. 

With  respect  to  tlie  probable  extent  of  this  revo- 
lution, the  decision  nmst  rest  on  that  of  the  Coal 
strata  throughout  the  globe,  and  the  accuracy  with 
which  they  have  been  ascertained.  The  extent  is 
snrticiently  considerable  to  prove  a  very  genera!  rc- 
volntion  of  this  nature:  but  until  it  is  ascertained 
that  all  these  deposits  correspond  in  geological  po- 
sition to  those  under  review,  we  must  remain  un- 
certain. Many  appcsir,  as  some  arc  proved  to  be,  of 
this  nature:  and  even  these  may  suffice  to  estitblish  a 
wide  revolution  of  this  kind,  while  future  observations 
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willprobubly  extendlhiscertaiiity.  But  tiU those nppcr 
deposita  of  coeil  which  I  have  here  calleil  Lignites,  are 
distinguished  every  where,  we  must  not  be  hasty  ia 
ileeidiiig  on  the  extent  of  this  particuhir  rcvolutioa. 

But  the  extent  of  the  revolution  by  which  that 
surface,  at  Icust,  on  •which  the  coal  strata  were  formed, 
was  depressed,  rests  far  less  on  them  than  it  does  on  the 
next  subsequent  general  formation,  or  on  the  red 
marl.  Wherever  this  occurs,  the  strata  On  which  it 
lies  were  beneath  the  ocean  ut  the  time  of  its  forma- 
tion, and  ]irc>lnibly  at  one  period,  thougli  this  cannot 
be  absolutely  proved.  Now  it  appears  to  be  as  ge- 
neral a  rock  as  any  that  is  known ;  being  assuredly 
far  more  widely  diffused  than  any  other  secondary 
stratum,  and,  if  the  term  universal  ia  ever  admissible^ 
peculiarly  deserving  of  it. 

Heacc  therefore  we  may  conclude,  that  not  only 
was  the  earth  on  which  the  coal  strata  were  formed, 
depressed  beneath  the  ocean  wherever  these  are  found, 
whether  covered  by  the  red  marl  or  not,  but  probably 
wherever  that  stratum  occurs  in  any  state  of  sequence 
to  the  Inferior  rocks;  unless  indeed  a  similar  roek 
should  have  been  forming  beneath  the  ocean  at  the 
same  time  as  the  coal;  and  this  being  the  peculiar 
difficulty  which  we  cannot  yet  solve. 

This  revolution,  which  depressed  the  coal  strata, 
will,  whatever  its  extent  may  be,  appear  an  exception 
to  all  others,  in  the  eyes  of  geologists,  who  have  over- 
looked this  plain  inference,  and  who  also  have  for 
ever  coupled  the  notion  of  elevation  alone  with  that 
of  revolation.  But  I  shall  soon  show  that  the  same 
effect  has  probably  happened  in  every  other  revolution; 
though  the  peculiarity  of  this  deposit  allows  us  to  prove 
in  this  case  what  we  cannot  do  in  the  others,  as  it  will 
also  he  an  argnment  of  analogy  respecting  those. 

It  niu5t  still  be  observed,  that  the  depression  of  the 
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land,  even  if  generally  granted  to  tbose  arguments, 
could  not  have  been  uaivcrsal.  The  red  inarl  itscU,- 
together  with  many  of  the  subsequent  strata,  ia  formed 
of  the  ruins  of  rocks  which  must  have  remained  aljove 
the  waters ;  lands  subject  to  the  action  of  the  ele- 
ments, givinf^  pas'iao;e  to  rivera,  and  thus  contri- 
buting to  lay  the  fonndation  of  another  world.  Bnt 
if  the  existence  of  dry  laud  during  this  period,  were 
not  thus  esteemed  to  be  proved,  the  rcmainii  found  in 
tlie  lias  would  put  this  beyond  doubt.  That  scries  is 
the  next  which  was  formed  beneath  the  same  ocean, 
and  it  contains  terrestrial  organic  fossils  suificicnt  to 
establish  this  supposition. 

But,  under  general  views,  it  is  not  easy  to  see  how 
this  could  be  otherwise;  since  it  is  to  conceive  a  globe, 
of  which  the  entire  superficies  was  water,  and  thus,  a 
kind  of  equalization  of  the  solid  surface  beneath  it. 
M'hence  the  probability  is,  that  such  a  revolution 
consisted  in  elevation  and  depression  at  the  same  time; 
or  that  wliile  land  sunk  beneath  the  ocean  in  one 
place,  its  bottom  was  raised  into  land  in  another. 
And  in  this  case  it  is  plain,  that  there  must  have  been 
:l  second  disclosure,  in  S{)me  places,  of  the  primary  and 
the  inferior  secondary  strata;  producing,  thus,  a  com- 
plication of  effects  as  to  that  which  I  have  hitherto 
spoken  oF  bnt  as  a  simple  depression,  respecting  which 
it  is  easier  to  conjecture  than  to  decide,  I  cannot  yet, 
myself,  satisfactorily  make  out  any  appearances  whieli 
reqnirc  this  explanation,  or  which  it  would  explain  ; 
not  having  had  the  requisite  opportunities  since  I  ex- 
amined into  this  subject :  though  I  have  reason  to 
suspect  it  us  to  some  former  observations  which  I 
have  now  no  opportunity  of  verifying.  But  having 
pointed  ont  to  Geologists  the  theory,  or  tlie  necessity, 
it  is  proljable  that  they  will  hereafter  discover  the 
facts  in  (juestion ;  in  uliitli  case  the  e\v\c  \«.  'Asw  o-V 
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Fei*ed  for  ilit*  solution  of  riiiiiiy  obvious  ilifficuliics  r 
spccting  tlir  {Kjsitions  of  the  lowest  secondary  strata. 

I  must  yet  remark  on  tbcac  depressions  and  ele- 
vations, or  changes  of  relative  level  in   the  sea  and 
laud,  that  aecustouicd,  partly  through  the  violence  of 
volcanic  action,  and  partly   through  the  iuduence  of 
the  term  revolution,  to  consider  such  rhangcs  as  vio- 
lent and  brief,  we  are  probably  depriving  ourselves  of 
the  means  of  explaining  many  appearances   among 
these,    and   perhaps  other  strata.      It  is  qnitc  con- 
ceivable, that  such  a  change  should  have  been   ex- 
tremely   graduid  nnd  tedious,    resembling;  the    slow 
changes  of  level  known  ou  the  coast  of  I^aly,  and  ap- 
parently in  our  own  island.       In  this  e^ise   the  great 
depth  of  the  coal  strata  is  easily  explained,  as   I   have 
already  hinted ;  and  thus  might  we  also   account  for 
the  alternations  of  marine  strata  so  often  snspcctcd  in 
these  deposits.     Thus  also  we  might  explain  ccrtiuu 
phenomena,  real  or  siipposed,  Ijclonging  to  the  lias 
and  its  animals ;  because  if  tliese  were  deposited  ou 
its  maritime  honndary  at  certain  points,  a  gradual  sub- 
sidcnee  might  have  caused  them  to  occupy  a  large 
horizoutal  space. 

I  have  thus  brought  down  tliis  cn(iuiry  to  a  stale 
of  things,  in  which  a  portion,  both  of  the  primary 
and  of  the  older  secondary  strata  formed  the  dry  land 
of  the  earth,  as  they  had  done  before  the  hist  revo- 
lution ;  but,  in  which,  a  large  portion  of  these  also, 
which  had  once  been  elevated,  were  again  depressed 
beneath  tlie  waters,  together  with  the  productions 
which  occupied  their  surface.  This  is  the  fourth  great 
revolution  which  tlic  earth  appears  to  have  expe- 
rienced; the  three  former  consisting,  as  far  as  the  ap- 
pearances show,  in  elevations  of  the  boltoni  of  the 
ocean,  and  this  one  in  a  depression  of  the  dry  land ; 
hot  under  the  reserxations  jns!  made.      And   I   lauy 
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here  rciuiirk  that  this  offers  an  explanation  of  the 
modes  in  which  deluges  might  liave  been  produced, 
in  addition  to  the  partial  torrents  conset|uent  on  the 
elevations  of  strata  in  particular  places.  The  sub- 
uicrsiou  of  the  dry  laud  over  any  portion  of  llie  earth, 
is  a  deluge  ;  and,  tima  wc  possess  many  caoscs,  inde- 
pendently of  the  much  discussed  liistoriciU  one,  for 
explaining  the  cases  of  alluvial  formations. 

If  cosniogonists  have  invented  systems  of  depres 
sion,  causing  an  imaginary  crust  of  the  earth  to  sink 
into  imaj^inary  abysses,  tlioy  havc^  been  horuc  out  by 
geoloofical  facts,  of  which  they  knew  not  the  existence, 
tliongh  their  theories  were  wrong.  Too  much  ridi- 
cule has  been  cast,  by  recent  writers,  on  the  depres- 
sion of  strata  as  an  engine  of  geological  theory  ;  partly 
because  the  mode  of  explanation  was  wrong,  and 
partly,  because  it  was  appHed  to  the  solution  of  cases 
which  it  would  not  solve.  But  if  the  elevation  of 
strata  is  proved,  so  also  is  the  depression  ;  while  if  1 
am  right  in  the  preceding  remarks,  the  one  implies 
the  other.  And  if  I  have  succeeded  in  showing  tliat 
this  is  true  of  the  case  just  examined,  it  is  not  less 
probable,  as  I  already  hinted,  that  every  great  revo- 
lution of  the  earth  has  possessed  a  similar  character. 
Thus  the  several  disclosures  of  land  have  been  at- 
tended by  a  conversion  of  land  into  sea  :  or,  in  a  geo- 
graphical scnye,  the  i-esults  liave  been  interchanges, 
to  a  certain  degree,  belween  the  jdaces  of  sea  and 
land.  But  I  leave  this  to  the  consideration  of  geologists. 

It  will  not  affect  these  views  of  this  interval  of  revo- 
lution, to  know  that  in  the  Alps,  or  in  any  other  place, 
the  uutgncsian  limestone  and  red  marl  are  highly  iu- 
elined  or  even  parallel  to  the  inferior  strata.  All  that  fol- 
ows  is,  what  is  here  often  indicated,  that  such  revolu- 
tions may  not  have  been  simultineoufi  nor  exactly  simi- 
lar, nor  even  the  same   in  nuniiier,  iu  ever^  \\'A.vV  «<  \\vt 
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globe:  and  they  may  perhaps  assist  in  proving  wliat 
has  iilready  appeared  probable  JVoiu  other  arguments, 
that  every  period  of  revolution  has  occupied  an  inde- 
finite time,  and  lias  consisted  in  n  long  succession 
of  unecpial,  tliongh  similar  actions. 

To  proceed  with  this  investigation,  I  must  now  re- 
mark that  (he  ocean  of  this  hist  carih  was  tlie  resi- 
dence of  all  the  being's  now  preserved  in  our  secondary 
.sti-ata.  If  they  were  a  separate  creation,  they  form 
the  last,  previous  to  that  which  now  inhubits  the 
earth  ;  as  every  posterior  revolntjon  appears  to  have 
been  of  too  partial  a  nature  to  produce  any  change 
adequate  to  the  entire  destrueti(ni  of  life.  But  ;is  the 
repose  of  this  ocean,  or  the  time  which  interveued  be- 
tween that  depretfsion  of  the  strata  which  lias  thu3 
been  cxaminedj  and  the  subsetjuent  elevation,  next  to 
come  under  review,  is  measured  by  the  thickness  of 
the  last  marine  deposit,  we  ra.iy  try  to  conjecturCj 
within  general  and  comparative  limits,  what  its  du- 
ration was.  The  red  marl  and  its  preceding  limestone, 
with  the  lias,  and  the  oolithe,  form  the  most  general 
and  most  widely  extended  portions  of  this  de- 
posit, and  are  of  great  depth  ;  and  if,  to  these,  we  add 
the  remaining  strata  up  to  the  Chalk  inelnsive,  wc 
shall  have  the  extreme  measure  of  repose  which  is  at- 
tainable. Comparatively  therefore,  w-e  arc  enabled  to 
determine,  that  the  period  of  repose  during  which  the 
coal  strata  remained  beneath  the  ocean,  was  greater 
than  that  during  which  they  were  forming  on  the  sur- 
face of  the  dry  land,  and  greater  also  than  that  during 
which  the  inferior  secondary  strata  were  generated. 

Although,  for  the  purpose  of  examining  the  revo- 
lutions of  the  coal  strata,  and  the  state  of  that  ocean 
which  followed  their  dei)res.sion,  it  has  been  necessary 
to  speak  of  the  superior  secondary  atratu  as  they  arc 
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nctnally  visiblL',  il  remains  to  mention  that  revolution 
by  which  they  were  brought  to  their  present  places. 
Before  this  event,  we  must  still  suppose  that  the  dry 
laud  consisted  of  the  priranry  antl  of  ei  portion  of  the 
inferior  secondary  stiat.i  only  ;  us  it  had  done  before 
the  elevation  of  that  portion  of  the  secondary  strata 
on  which  the  terrestrial,  or  coal  strata,  were  deposited. 
By  this  great,  and,  to  iia,  most  important  ciitastvophe, 
the  whole  face  of  the  earth  must  have  been  completely 
ehang;ed  ;  far  more,  we  may  presume,  than  by  any 
preceding  one. 

It  is  evident  tUat  it  must  have  involved  the  whole  of 
llie  strata,  of  whatever  class,  from  the  earliest  to  the 
latest  of  the  globe.  As  the  latest  portion  of  tlie  secon- 
dary strata,  then  reposing  in  a  horizontal  position  be- 
neath the  ocean,  were  raised  to  the  surface,  and  in- 
clined in  the  manner  that  we  now  find  them, .  so  every 
inferior  series  in  order,  however  previously   inclined 
or  disturbed  by  former  revolutions,  must  have  again 
been  moved.      Thus,   even  the  primary  ttrata,  wbicb 
had  been  twite  elevated,  and,   in  some  places  at  least, 
once  depressed,  possildy  oftener,   nnist  have  been  a 
third  time  raised,  together  with  all  those  of  successive 
ages  which  tlicy  bore  on  their  .surface.      Thus  also  the 
inferior  secondary  strata  were  a  second  time  brought 
up  to  the  lifcht  of  day ;  aud  thus  the  coal  deposits 
were  restored  to  those  regions  in  wliich  they  had  been 
originally  formed.      However   snhsccjuently  modified 
by  more  recent  partisd  revolutions,  and  by  those  ac- 
tions of  waste  and  deposition  which  are  now  passing 
before   our  eyes,  it  was  by  this  important  revolution 
that  the  present  distribution  of  the  surface  was  deter- 
mined, in  the  general  outline  of  our  continents  and 
islands,  the  chains  of  mountains  which  give  rise  to  our 
rivers,    and   the   cavities  which   received   our  lakes. 
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Tbilt  it  was  nniversal  as  it  was  deep,  scarcely  admits  a 
<|iicstioii.  The  wide  extent  occupied  by  the  superior 
sccoudary  strata,  indicate  the  regions  to  which  it 
reached  i  nor  can  wc  conceive  it  to  have  been  tbtis 
widily  diffused,  withont  involving  the  whole  earth.  If 
there  \)c  u  rcvolntion,  which,  more  tlian  any  preceding 
one,  can  be  coui»idercd  universal,  it  la  this.  But  wc 
have  no  right  to  suppose  that  it  was  a  sudden  cata- 
strophe, or  that  tlie  elevation  of  all  the  parts  of  the 
present  dry  hind  was  simultaneous,  or  even  that  this 
change  occupied  u  short  period.  Tt  is  more  likely  to 
have  consisted  in  a  long  series  of  similar  events,  and  to 
have  occupied  ages :  wc  aro  ever  misled  by  the  sound 
of  the  terms  catastroplie  and  revolution. 

Oti  Reifoluthns  succeeding  those  of  the  seconthn/ 
Strata. 

It  remains  to  examine  the  rcvolntions  of  a  partial 
nature  which  have  taken  place  at  different  points  of 
the  surface,  produced  by  that  last  and  general  one 
wbich  I  have  thus  described.  The  same  genera!  laws 
apply  to  these  ;  they  consist  in  elevations,  and  perhaps 
of  depressions  also :  as  wc  must  refer  them  to  causes 
of  a  corresponding  nature,  operating  partially. 

Wherever  the  rocky  surface  of  the  earth  remains  in 
that  state  of  repose  wbich  succeeded  to  the  liist  eleva- 
tion of  the  strata,  we  find  the  secondary  of  the  last 
order  following  each  other,  c\xn  to  the  uppermost,  in 
a  consecutive  manner,  and  at  angles  of  elevation  whicli 
are  couunonly  moderate,  though  variable.  Wherever 
an  interruption  of  that  order  takes  place,  we  have 
reiLSon  to  suppose  that  some  partial  cause  has  operated 
in  tliat  spot.  But,  besides  this,  wc  find,  in  certain 
places,  the  materials  which  form  the  bottom  of  the 
cxistini;  ocean,  elevated  to  levels  at  wbich  iti  waters 
could  not  hitve  siood,  except  uuduj  -a  diminution   wf 
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lose  which  is  not  admissihlo  from  ;iny  laws  of  mo- 
ihitnics  or  chemistry,  known  or  supposcuhlc ;  and 
thence  again  it  is  interred  that  the  surface  mnst  liavc 
been  elcvatcti  in  those  places,  while,  in  certain  cases, 
wc  discover  the  elevating  causes  themselveSj  and  have 
even  witiieased  the  fact. 

[n  the  Ifilh,   Kith,  and  I7lh  Chapters,  I   have  ox- 
phiincd  tins  suhject :  hut  liaving  done  this  for  the  first 
time,  and  heing  tlms  compelled  therefore  to  associate 
many  different  fuels,  that  I  niij^ht  (hsentanylc  the  con- 
faKiou  made  hy  fonncr  geologists,  I  must  here  state 
the  cases  which  helong  to  the  present  i*ie\v.     Tliey 
are,  first,  those   in  which  we  find  the  hottomofthe 
ocean  thus  elevated,  whether  wo  can  prove  a  partial 
disturbance  of  the  inferior  strata  or  not,  and  where,  ul 
the  siiine  time,  we  do  not  discover  the  elevating  causes ; 
and,  next,  those  where  we  perceive  the  same  fact  ac- 
companied hy  its  causes.     This  is  the  twofold  division 
demanded  under  the  present  views ;  hecanse  each  is  a 
partial  revolution,  or  set  of  revolutions,  which  we  can 
apparently  separate  in  time:  the  case  of  Italy  being  an 
example  in  one, and  that  of  the  Coral  islands  in  the  other. 
But,  under  this  enquiry,  there  are  two  desiderata  yet 
nnfulfillcd:  the  observations  of  Geologists  being  hi- 
therto worthless  as  to  both  ;  because  they  had  neither 
seen  the  causes  nor  understood  the  facts:  having  even 
entirely  overlooked  the  latter,  except  in  two  or  three 
inst^mecs,    and    misapprehended    them    when     seen. 
Under  the  arrangement  and    explanations   which    I 
have  here  made,  it  must  he  hoped  that  they  will  here- 
after supply  this  defect,  and  thus  cnahle  a  future  syste- 
matica! writer  to  611  up  the  sketch  which  I  nmst  leave 
imi)crfect.     These  desiderata  are,  the  periods  of  time 
at   wliich  such  partial  revolutions   took   place,   and 
the   places    where   they  have    occurred.     As   to   the 
former,  we  have  seen  thcui  happen  in  ow  Q-«\\4ii.s\ 


492 


ON    TH£    SUCCESSIVE    F0RM9 


and  wc  arc  also  sure,  in  such  cases  as  that  of  Italy  and 
t!ic  Is!c  of  Wight,  that  they  are  of  a  very  remote  date: 
hut  wc  can  neither  fix  the  former  point  nor  conjecture 
what  intermediate  ones  there  may  have  hecn.  Re- 
specting the  latter,  we  trace  them  in  different  parts  of 
Europe,  apparently  of  the  liigher  dates;  and  over  all 
the  l*acific  ocean,  or  more,  of  many  different  ones : 
some  of  which  probably  ctjual  those  in  antiquity,  as 
we  perceive  that  others  are  modern,  and  some  quite 
recent.  And  this  is  all  that  can  yet  be  determined : 
while  the  only  safe  conclusion  therefore,  belonging  to 
this  view,  is  the  following.  It  is  probable  tliat  these 
partial  revolutions  commenced  immediately  after  the 
disclosure  of  the  strata  under  the  general  revolution 
last  described,  that  they  occurred  iu  many  different 
placps,  and  that  they  have  been  continuing  to  occur 
to  this  day,  in  different  places  at  different  times:  all 
the  appearances  being  cssentiallv  the  same,  as  the 
causes  also  are ;  while  the  differences  are  mere  dif- 
ferences of  casualty,  dcpcniling  on  the  nature,  places, 
and  extent  of  the  strata  thus  elevated  or  disturbed. 
And  lastly,  it  is  further  probable,  that  these  elevations 
or  partial  revolutions  were  mere  continuations  of  those 
actions  which  disclosed  the  secondaiy  strata  :  whence 
we  arc  entitled  to  expect  that  the  most  remote  will  he 
the  most  nnmcrous  and  extensive,  as  also  that  these 
characters  will  determine,  or  aid  in  determining,  the 
ijue^tion  of  unti(|uity  us  to  thowe  )}iirtial  revolutions. 

At  this  point  the  present  investigation  slops :  what 
remains  to  be  said  on  the  other  revolutions  of  the  pre- 
sent earth,  will  find  its  place  in  examining  the  altera- 
tions which  a  progressive  state  of  waste  is  now  causing 
on  the  surface. 


General  Hemarhx  on  the  past  ConiUiwns  <ifihe  Earth. 
As  the  evidences  and  detuil;>  necessary  for  the  pre- 
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ceding  views  have  unavoitlubly  given  a  still  more  in- 
tricate appearance  to  tliat  which  is  an  intricate  subject 
in  itself,  it  vn\\  be  convenient  to  the  reader  if  1  com- 
mence these  remarks  with  a  brief  summary  of  the  con- 
ditions of  the  earth  which  I  have  atleniptecl  to  estabhsh. 

The  first  condition  which  I  have  inferred,  was  that 
which  furnished,  from  its  rocks,  the  clay,  sand,  and 
mica  of  the  fragments  imbedded  in  our  primary  strata, 
because  these  belong  to  a  preceding  set  of  strata.  Of 
this  Earth  we  can  have  no  other  visible  evidence,  as 
there  can  be  none  at  all  for  an  Earth  before  it:  and  I 
Iiave  therefore  taken  it  as  the  first,  thougli  a  prior  one 
might  be  supposed^  on  the  oljvious  supposition  that 
these  materials  niu^t  have  arisen  from  rocks  still  an- 
terior, under  similar  circumstances. 

The  first  revolution  also  of  which  we  have  any  evi- 
dence, is  that  wliieii  elevated  the  materials  contained 
by  the  first  ocean  to  form  the  rocks  of  a  second  world. 

Of  this  second  world,  wc  see  the  fi-agmcnts  of  the 
strata,  preserved  in  the  conglomerates  of  the  present 
primary  rocks,  together  with  fragments  of  the  granite 
by  which  these  were  proliably  elevated.  It  is  not  un- 
likely, that  the  very  strata  themselves  form  part  of 
our  primary  ones,  since  this  can  scarcely  fail  to  be  the 
case,  for  the  obvious  reason  that  they  could  not  have 
all  been  destroyed,  and  must  have  been  re-elevated 
together  with  thcui  at  the  subsequent  revolution.  The 
distinction  ought  to  consist  in  nonconformity  of  order 
among  the  present  primary  strata,  which  slionld  thus 
display  at  least  two  divisions.  But  geologists  having 
never  imagined  such  a  state  of  things,  Imving  never 
yet  reasoned  in  this  very  obvious  manner,  Iiave  never 
sought  for  such  distinctions.  I  think  that  I  can  (juote 
cases :  but  am  averse  to  do  it  while  I  remain  unsup- 
ported by  others :  hereafter,  I  doubt  not  that  it  will  Im 
fully  established;  now  that  the  fact  is  indicated  and 
the  road  to  the  invcsligalion  pom\ov\  ouV*.  \vL\N\\\'2tt. 
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case  a  snlKlivision  of  the  priimiry  strata  will  bccoi 
necessary.  A  second  elevation  of  the  struta  raised  tlics 
above  itie  wHters,  uud  thus  was  produced  tht*  tliii 
state  of  the  Earth- 

This  third  world  is  presen'cd  for  our  inspcclioi 
Those  whi(  h  wem  once  its  only  strata,  are  now  on 
primary  ones ;  and  they  funiisbcd  the  uiatcrials  fo 
those  new  rocks  which  appear  in  the  fourth  state 
the  globe,  and  which  were  raised  above  the  ocean  b 
a  third  revolution. 

By  that  revolution  was  formed  the  fourth  worldj 
the  greater  part  of  which  still  remains,  forming  t! 
foundation  of  our  own,  however  modified  by  numerous' 
subsequent  changes.  'ITiis  world  included  onr  primary^ 
.ind   the  earb'er,  or  lower  portions  of  our  secondtu'i 
strata,  producing,  during  its  continuance,  the  coal  de- 
posits ;  but  the  revolution  which  it  underwent  to 
fifth  state,  tliougb  probably  not  of  a  diifercnt  nature^ 
from  the  former,  exhibits,  to  ns,  the  marks  of  dc-, 
prcssion  only,  witliout  any  proofs  of  elevation. 
new  dry  land  became  sea ;  and  the  lauds  formerly  ele- 
vated, were,  to  a  certain  dcsjree,  or  extent,  lowered. 

Thus  was  produced  a  fifth  world,  llow  far  it  dif-^ 
fered  from  the  preceding  we  cannot  discover,  l>ecause, 
we  are  not  certain  that  the  last  or  fourth  revolutioi 
was  an  extensive  oue,  and  do  not  know  what  might 
have  remained,  and  what  might  have  been  elevated. 
It  is  possible  that  it  may  have  resembled  the  third, 
that  none  but  primary  rocks  formed  the  di7  land 
but  it  is  e<iually  possible  that  both  tlie  priujiuy  and 
secondary  might  have  united  to  form  it. 

'I'hc  sixth  world  is  that  which  we  inhabit.  It  is  th< 
produce  of  a  fifth  revolution  b  tlie  globe.  To  form 
it,  the  depressed  strata  were  again  elevated;  whaCevei 
rise  might  have  occurred.  Thus  it  contains,  togcllicr 
with  its  own  new  ours,  the  strata  of  the  tlirce  preceding 
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states  of  the  earth.  These  arc  easily  demonstrated; 
namely,  the  primary,  the  first  order  of  the  secondary, 
the  coal  strata,  and  tlie  last  of  the  seeondary-  It  is 
prohable  tliat  those  which  were  formed  heneath  the 
water,  during  tlic  iicriod  of  the  formation  of  the  coal 
strata  above  it,  arc  also  known;  but  they  have  not 
been  demonstrated  as  separate  and  defineable  strati. 
And  these  are  the  great  or  general  rcvohitioa«  of  tlic 
Eavtli,  as  far  as  wc  can  discover  them,  first,  and  as  far 
as  we  can  discover  what  is  general  as  distinguished 
from  partial.  Those  which  follow  are  ccrtiiinly  par- 
tial, thouf^h  of  various  degrees:  and  they  have  pro- 
bably occurred  in  different  places,  at  diflereut  times, 
eoramcneiug  with  the  last  general  revolution,  and  ex- 
tending down  to  our  own  days. 

Whetlicr  the  original  globe  was  inhabited  or  not, 
we  must  ever  remain  ignorant;  but  I  have  shown  that 
during  at  least  five  conditions  before  the  present,  it 
consisted,  as  it  does  now,  of  rocks,  or  of  land  elevated 
above  the  water,  and  of  an  ocean.  The  foundations 
of  each  successive  new  series  of  rocks  on  the  earth's 
surface,  were  laid  beneath  the  preceding  ocean,  except 
in  one  instance;  and  they  were  the  produce  of  materi;Us 
washed  down  from  the  land  into  their  sul)marine  re- 
ceptacles: these  actions  being  analogous  to  those  now 
going  on,  as  the  submarine  alluvia  of  our  earth  arc 
destined,  at  some  future  period,  to  form  new  rocks, 
and  to  generate  a  new  eartli.  By  the  elevation,  in 
succession,  of  these  submarine  deposits,  they  were 
brought  above  the  surface  of  the  waters,  forming,  in 
each,  the  dry  land  of  that  terra(|Uuous  glolie  which 
was  again  to  uiulergo  similar  aud  succeeding  changes. 
lu  one.  case  alone,  the  only  assignable  change  waa  a 
depression  of  the  dry  hmd.  Thus  the  originid  earth, 
original  at  least  to  us,  is  traced,  in  a  general  manner, 
to  that  which  we  now  inhabit. 
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Wc  have  reason  to  ttiink,  that  under  each  of  these 
successive  states,  the  earth  must  have  possessed  dif- 
ferent characters,  and,  that  its  geographical  distribu- 
tion was  different  in  each ;  but  we  have  no  reason  to 
believe  that  its  rocks  presented  any  other  varieties 
than  those  which  we  now  see.  The  primary  strata 
resemble  those  which  immediately  preceded  them,  as 
is  proved  by  the  nature  of  the  included  fragments; 
if  we  cannot  carry  this  comparison  further  backwards. 
The  greatest  change  of  character  takes  place  between 
the  primary  and  the  secondary,  but  the  analogies 
continue;  while  I  have  formerly  accounted  for  the 
differences  that  do  exist.  That  every  former  state  of 
the  earth  contained,  like  the  present,  alluvial  soils,  is 
certain,  because  that  is  implied  in  the  formation  of 
submarine  alluvia. 

Similar  conditions  as  to  an  atmosphere  and  all  the 
consequences  which  it  implies  as  connected  with 
an  earth,  also  follow:  and,  that  the  lakes,  of  one  state 
at  least,  were  of  great  size  and  number,  is  proved  by 
the  formation  of  the  coal  deposits.  But  if  the  sea  and 
the  dry  land  were  differently  distributed,  there  is  no 
reason  to  think  that  the  absolute  quantity  of  water 
has  varied  at  different  periods,  since  there  are  no  phe- 
nomena that  render  it  necessary  or  probable;  as  there 
are  many  that  render  it  improbable  or  impossible. 
A  larger  portion  of  water  needs  not  be  assumed 
for  the  solution  of  the  materials  of  rocks,  because  they 
are  insoluble  in  any  quantity  that  could  have  existed 
consistently  with  the  order  of  the  planetary  system ; 
as  the  existence  of  such  an  imaginary  quantity  is  che- 
mically improbable,  because  we  know  of  no  means  hy 
which  it  could  have  been  converted  into  other  sub- 
stances, and  because  nothing  is  annihilated.  Nor  would 
the  alternate  elevation  and  depression  of  water,  even 
he  admitted,  account  for  the  geological  ap- 
j   of  the  successive  orders  of  strata;  while 
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tlicir  inconsecutive  positions,  with  other  facts,  prove 
thatthelandwasclcvatcd.Noristbcrc  any  reason  to  think 
that  the  tpiality  of  the  ocean  undcrwout  any  changes. 
That  it  was  a  salt  occiiu,  at  least  when  t  he  red  marl  w  as  de- 
posited, we  arc  sure,  from  the  quantity  of  salt  in  that  stra- 
tum ;  however  (litficult  it  may  he  toaccouut  for  thcmodc 
in  which  it  llicrc  o<'curs:  an<l  that  it  wa.s  a  salt  ocean 
in  prior  states  of  the  earth/n'c  must  equally  presume, 
from  this  and  from  the  curly  organic  fossils. 

How  far  the  temperature  has  hccn  constant,  and  similar 
to  what  it  is  now,  I  formerly  enquired;  and  need  only 
remark  here,  that  the  cxisteucc  of  marine  animals  in 
former  oceans,  proves  that  there  never  was  any  steady 
or  considerable  difference  between  former  temperatures 
and  the  presetft  one,  during  the  periods  of  an  inhabited 
earth's  repose.  But  if  the  elevation  of  strata  was  pro- 
duced by  the  protrusion  of  fiuid  rocks  from  hcneatb, 
it  li  probable  that  the  Earth  did  actaally  experience 
temporary  and  considerable  vacillations  of  heat;  caus- 
ing, in  particular,  important  changes  iu  the  water  and 
the  atmosphere.  In  such  cases,  supposing  such  a  revo- 
lution universal,  wemustpresmnethatalUife  was  extin- 
guished, to  he  renovated  at  a  future  period;  and  that 
this  period  could  not  Lave  uirived  till  the  temiierature 
of  the  surface  had  again  subsided.  Under  tins  supposi- 
tion, we  have  also  an  atmosphere,  to  he  re<luccd  to  its 
present  condition  by  the  precipitation  of  its  \vater,  and 
the  consequent  formation  or  increascof  seas  and  lakes. 
In  the  last  of  these  revolutions  geologists  may  ibcre- 
fore  seek  tlic  dcveloiJcmcnt  of  Chaos,  so  often  discussed; 
together  vnth  what  is  more  injportant,  hydrostatic  ac- 
tions capable  of  producing  many  of  tlie  plicnomcna 
wbieh  have  been  souglit  in  deluges  of  mojc  recent  date. 

Respecting  the  iababitants  of  past  ctinditlona  of  the 
earth,  I  have  shown  that  tlie  first  wliich  can  he  traced 
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arc  those  which  existed^  as  aiiimaU,  in  the  ocean  of 
the  socond  condilioii  here  enumerated,  being  that  under 
whicli  the  priiuiiry  strata  were  Formed,  and,  probably, 
as  vegetables,  on  the  hiud  of  that  second  earth.  There 
are  also  reasons  to  conclude  that  there  has  been  a  pro- 
gressive increase  of  the  numbers  of  animals  in  sncces- 
fiive  states  of  the  globe,  or,  that  the  number  in  any 
one  condition  was  greater  than  that  in  the  preceding; 
as  the  present  population  seems,  similarly,  more  abun- 
dant thuu  that  iiuniediately  prior.  If  that  can  not  be 
satisfactorily  proved  by  the  absolute  presence  of  the 
organic  fossils  themselves,  it  is  safely  inferred  from 
the  gradual  and  successive  increase  of  calcareous  strata: 
and  thus  docs  the  presence  of  coal,  including  the  later, 
or  the  lignites,  with  the  great  coal  deposits,  indicate  tlie 
existence  of  a  vegetable  surface  in  the  earth,  from  its 
fourth  condition  onwards ;  though  there  is,  in  this  case, 
no  proof  of  a  regular  increase  in  thennmbcrs  or  quan- 
tity of  plants,  analogous  to  what  iveconclude  of  animal* 
from  the  constant  increase  of  the  calcareous  strata. 

Thus  the  state  of  the  earth  has  been  meliorated  by 
some,  ifnotbyallof  its  changes;  or  it  has  becnrendered 
snccessively  more  fit  for  the  habitation  of  succeeding 
races  of  animals.  The  last  improvement  which  it  hiia 
undergone,  in  the  newest  calcareous  strata,  so  much 
exceeding  former  ones,  is  palpable;  as  every  fresh 
change  appears  to  add  new  races,  or  at  least  to  increase 
numbers,  while  the  revolutions  which  follow,  though 
they  should  destroy  their  forms  with  their  lives,  or 
destroy  those  preserved  from  antecedent  worlds,  leave 
the  calcareous  earth  into  which  they  are  resolved,  un- 
changed. In  their  present  state,  the  softer  spoils  of 
animals  form  a  manure  for  that  land  which  supports 
the  existing  races  of  animal  life,  by  its  vegetable  pro- 
duce. Their  harder  parts,  accumulated  through  the 
various  revolutions  of  tKe.  globe,  tend  equally  to  in- 
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crease  the  most  viiluable  soils,  by  forming  the  cal- 
cnrcous  tracts  so  noted  for  their  fertility.  The  manure 
of  ages  past,  they  heconie  that  of  ages  to  come,  since 
they  are  iuexhaustihle :  and  as  they  are  also  perpetually 
increasing-,  we  may  imagine  tliat  a  future  world,  when 
one  shall  arise  from  the  ruins  of  the  present,  will  as 
far  excel  it  as  this  on  which  we  live  is  superior  to  that 
which  preceded.  This  can  never  concern  us:  yet  in 
contemplating  the  revolutions  by  which  Life  has  so 
often  been  widely  destroyed,  it  is  pleasing  to  reflect 
that  every  change  is  improvement,  and  that,  out  of 
evil,  good  is  for  ever  produced.  And  thns  seeing  that 
the  perpetual  progress  of  the  earth  is  towards  iniprove- 
ment,  while  that  progression  leads  us  to  imperfection 
as  wc  trace  it  in  the  reverse  order,  we  also  perceive 
the  evidences  of  that  continued  Design  and  Superin- 
tendence which  philosophy  has  so  often  been  accused  of 
disbelieving,  as  geology  now  famishes  me  with  those 
demonstrations  of  them  which  have  never  yet  been  de- 
rived from  any  other  department  of  nature,  and  which 
have  been  hitherto  overlooked  by  that  science  itself. 

On.  the  Causes  of  the  Revobitions  of  the  Globe. 

The  general  canscs  of  these  revolutions  have  been 
suggested  in  the  former  remarks  on  the  elevations  of 
the  strata  and  on  volcanoes.  We  perceive,  in  the 
first  place,  that  volcanoes  eject  fluid  matter  which  be- 
comes rock,  and  that  the  force  which  ejects  this  fluid, 
be  its  nature  as  obscure  as  it  may,  is  one  of  great  power, 
since  it  is  capable  of  elevating  the  snperincumbent 
strata,  even  where  these  consist  of  such  enormoua 
masses  as  those  which  form  the  coral  islands.  And 
though  we  have  not  ourselves  witnessed  the  elevation 
of  such  an  island,  we  can  entertain  no  doubt  of  the 
fact,  because  existing  men^  and  men  under  the  recorda 
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of  history,  have  wjtnes&ed  siinilitr  ones;  an  the  nature 
of  lhe.se  islands  is  also  perfectly  explained  in  this  man- 
ner, and  can  he  cxpluiiied  in  no  other.  To  have  seen 
Ouljyhcu  brought  up  from  hcneath  the  ocean,  could 
ucarccly  afi'ord  more  perfect  conviction. 

^\gaia,  we  find  that  the   rocks  produced  hy  these 
JluidH  reHenthIo  others  which  nre  disposed  all  over  the 
earth*  consisting  in  the  trap  rocks,  inchiding  all  por-l 
phyries,  and  the  granites  t  the  volcanic  rocks  being 
gradually  undislinguishaljlc  from  the  traps  and  porphy- 
ries, undthe  latter  as  gruduutly passing;  into  the  granites. 
In  the  next  place,  the  collateral  appearances  attending 
the  trap  rocks  resemble  so  exactly  those  of  the  volcanic 
ones,  that  geologists  have  never  yet  been  able  to  draw  a 
■iinc  between  them,  either  on  this  point  or  in  their  mi- 
neral characters:  while,  in  the  same  manner,    those 
which  attend  the  j^rauites  resemble  those  belonging  toi 
the  traps, precisely.  Andlastly,  what  ishere  the  moHt  im 
port«ntfact,tlie  connexions  of  the  superineninbentaDd 
4icigbl)0iirin^  sti-ata  with  the  traps  and  the  granites,are 
exactiv  tboscwhich  subsist  between  the  former  and  the 
volcanic  rocks ;  consisting  in  the  elevation, displacement 
and  fracture  of  all  the  strata  with  which  they  interfere. 
In  every  point  thcreforCj   the  cases  are  identical ; 
and  thence  1  •'onclude  without  fear,  that  wherever  an 
of  these  rocks  occur,  or  can  he  inferred,  there  have  ei:' 
iated  volcanic  actions,  if  not  eruptions,  and  that  these 
have  been  the  causes  of  the  elevations  of  the  strata, 
or  of  the  revolntioiis  of  the  eurth  ;  which  consist  in 
snch  cIe%'ations,  or  in  elevations  balanced  hy  depr 
sions  ;    that  is,  hy  a  vacillating*  or  interchanged  con- 
dition of  the  surface  of  the  solid  sphere  as  that   re- 
lates to  the  surface  of  its  fluid  portion.      And  the  ge- 
neral conclusion  conscfjuently  is,  that  the  Earth  has,' 
from  any  beginniug  wliich  we  can  trace,  been  the  seat 
of  a  anrccflftion  of  similar  actions,  produced   at  dif- 
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fcrent  intervals;  and  those  intervals,  wlicn  cbnspi- 
C110U8  or  extensive  in  their  effects,  caui^ing  ibe  revo- 
lutions of  condition  here  described. 

If  ttcrc  are  differcneea  in  any  respect  between  the 
natures  of  these  several   rocks  or  tlic  collateral  ap- 
pearances attending  thern,  the  causes  have   been  for- 
merly explained,  nor  do  they  affect  this  reasoning. 
But  I  may  here  refer  to  the  Moon   in  illustration  of 
this  condition  of  the   globe  of  our  Earth ;  while  all 
analogy  makes  us  infor  that  every  planetary  body  is 
of  the  Slime  essential  nature.     It  is   a  congeries  of 
mountains,  of  which  the  far  larger  portion  is  visibly 
volcanic,  as  all  may  have  been  ;  while  we  trace,  with 
perfect  security,  successions  of  volcanic  nionntains,  or 
of  eruptions,  in  which  every  part  of  its  surface  has 
been  engaged  at  different  times,  as  its  volcanoes  still 
occasionally  burn.     And  there  ve  also  perceive  the 
probable  reasons  "by   our  own  surface  differs  from 
that  of  this  planet;  especially,  why  the  Earth  has  lost 
so  widely  those  decided   proofs  of  former  volcanoes 
Tvbich  that  has  preserved  in  the  integrity  of  its  iunn- 
raerable  Craters.     It  contains  no  water,  and  possesses 
a  very  slender  and  limited  atmosphere:  whence  it  has 
not  been  subjected  to  the  sfime  causes  of  waste  which 
are  ever  acting  on  the  surface  of  the  Earth.      Hut 
thence  also,  its  volcanic  or  unstratified  rocks  have 
never  been  obscured  by  the  strata  which  have  covered 
those  on  onr  own  surface ;    whatever  revolutions  ana- 
logous to  tliose  of  the  Earth  it  may  have  undergone. 
The  volcanic  actions  in  the  earlh  have  often  eievalc'd 
the  strata  without  allowing  the  fused  rocks  to  break 
through  them,  as  happens  daily  at  present :    and   the 
more  delicate  volcanic  records  have  also  disappeared 
in  tlie  8uccessn>ns  of  waste  and  of  revolutions,  as  must 
be  especially  plain  of  all  the  earlier  ones. 

The  perfeel  j;im|)Iicity  and  consistenry  of  this  vluv;^ 
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vith  the  clcaiiicsa  of  the  proofs,  leave  nothing  ti>  wish 
as  to  the  theory  of  the  revolutions  of  tlie  earth  ;  aiitl  I 
know  not  that  I  ought  to  answer  a  trifling  and  igno- 
rant objection  often  made,  namely,  that  these  intervals 
of  revolution,  or  action,  succeeded  by  dormancy,  were 
the  convenient  assumptions  of  an  hypothesis.     It  has 
been    shown    that  the  actions  have  probably  never 
ceased,  as  they  arc  still  going  on  :  they  have  been  aug- 
mented at  intervals :  but  under  final  causes  so  demon- 
strated in  the  present  chapter,   that  to  deny  the  facts, 
is  to  deny  the  existence  of  a  Power  regnlutinjj  as  it 
created  the  Earth;  by  whatever  means  the  secondary 
causes  are  managed  to  those  ends.     And  while  the 
existence  of  a  perpetual  source  of  heat  and  of  a  fluid 
condition  within  the  earth,  is  proved,  while  it  is  also 
proved  that  the  force  of  this  heated  fluid  is  constantly 
prodncing  the  very  effects  in  question,   and   also  pro- 
ducing them  at  intervals,    thus  uniiing,  now,  every 
thing  necessary  for  the  former  effects,  I   cannot   see 
how  such  a  theory  can  be  called  gratuitous,  or  in  what 
manner  philosophy  can  ever  prove  any  thing,  if  it  has 
not  thus  proved  a  permanent  cause,  adetpiute  to  every 
end,  under  every  conceivable  variation,     'llie  demon- 
strations of  mathematics  can  compare  with  nothing; 
for  they  are  but  the  catenations  of   successive  syl- 
logisms, from  assumed,  or  establibhed,  simple  facts  or 
abstractions  :    but  physical  science  never  yet  has  of- 
fered, nor  ever  will  produce,  proofs  more  perfect  than 
Geology  has  thns  done  respecting  tlie  causes  of  the 
Revolutions  of  the  Earth. 

It  remains  to  enquire  what  actual  evidences  can  he 
found,  that  every  such  revolution  was  attended  by  the 
formation  of  an  unstratified  rock  ;  and  I  think,  that 
with  little  ditiienlty,  I  can  i>roduce  them,  even  where  it 
mtghtsecm  most  difficult,  namely,  in  the  earlier  periods. 
I  have  shown  that  fragments  of  granite  arc   entan- 


gled  in  our  primary  btrata,  and  thia  therefore  is  the 
very  granite  whicli  elevated  the  Earth  which  I  have 
here  called  the  second  ;  while,  if  the  quartz  of  the 
other  fragments  be  derived  from  granite,  as  is  probuhle, 
it  will  be  evidence  of  an  anterior  one  which  elevated 
that  one  here  marked  as  the  first ;  the  evidence,  as  I 
formerly  explained,  heinp  incapable  of  reaching  fur- 
ther. It  demands  a  second  production  of  granite,  or 
of  the  older  porphyries,  ivliich  are  of  the  same  general 
sera,  to  elevate  the  primary  strata  ;  and  a  third  to  ef- 
fect the  elevation  of  the  lowest  secondary  ones.  Now, 
of  these,  we  have  the  most  abundant  evidence  in  those 
granites,  of  which  the  veins  of  one  kind  traverse  the 
mass  of  another  ;  and  thna  1  have  provided  for  those 
conditions  here  called  the  third  and  the  fonrth.  Again, 
it  requires  a  fourth  production  of  an  nnstratified  rock 
to  produce  that  change  which  attended  the  depression 
of  the  coal  strata.  Now  there  have  been  granites  found, 
where  a  vein  of  a  third  granite  traversed  a  vein  of  a 
second  and  different  one  which  had  previously  traversed 
the  mass  of  a  first ;  but  if  this  should  be  doubted, 
there  arc  two  antient  porphyries  which  successivt-ly  tra- 
verse a  mass  of  granite,  the  last  of  these  being,  of 
course,  the  third  prodifction. 

Thus  ia  every  necessary  cause  of  revolution  demon- 
strated as  to  the  fifth  earth  of  this  arrangement ;  while, 
from  this  point,  I  can  no  longer  certainly  trace  any 
further  mutuiU  interferences  of  granite  or  antient  por- 
phyry. But  that  is  of  no  moment ;  since  there  are 
abnndant  resources  in  the  production  of  the  trap  rocks, 
of  which  two  formations,  or  perhaps  more,  are  demon- 
strated, adequate  to  even  more,  than  is  required,  while 
they  account  for  the  sixth  and  last  condition  of  the 
Earth.  Beyond  this,  the  demonstrations  are  admitted 
by  every  one,  in  the  volcanic  rocks  of  higher  antiquity, 
and  in  the  dii^putcd  traps  ;  and,  lastly,  in  those  of  ex- 
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istin^  or  recently  extinct  volcanoes.  And  ihiis  in  every 
thing  that  can  be  demanded  in  proof  of  the  aHnigned 
cnoaes  of  these  revolatinns,  demonstrated  by  the 
clearest  evidence.  The  theory  is  perfect,  even  to  its 
details  and  to  tliose  ttf  each  individual  action. 

I  must  not  however  f)uit  this  subject,  ivithoat  no- 
ticitig  a  theory  which  supposes  abysses  within  the 
earth,  and  snbsidences  of  the  strata  into  these ;  cspe- 
eially  as  I  have  pointed  out  what  the  fabricators  of  this 
hypothesis  never  had  shown,  the  demonstrated  subsi- 
dence of  portions  of  the  surface,  in  antient  times,  as 
similar  pbeuoniena  now  occur,  in  a  partial  manner, 
in  volcanic  countries.  With  them,  it  was  pure  hy- 
pothesis without  *a  fact  in  support.  The  appearances 
proving  elevation  are  so  universal  and  decisive,  that 
this  needs  not  be  insisted  on.  There  could  not  be  an 
abyss  in  a  fluid  mass  ;  and  if  the  earth  be  therefore 
such,  whatever  cavities  it  may  contain  must  be  in  its 
solid  parts,  and  thence,  comparatively  superficial ;  as 
its  high  specific  gravity  also  shows  that  such  cavities 
cannot  be  extensive,  should  they  exist ;  and  as  we 
cannot  even  easily  conceive  a  cavity  under  the  actual 
or  ncfghbouriug  presence  of  a  fluid.  And  I  have  also 
shown  how  these  depressions  might  take  place  tlirough 
a  mere  change  of  relative  level,  without  the  necessity 
of  any  such  supposition.  Yet  there  are  indications 
of  a  peculiar  structure  in  the  earth  which  might  Im; 
called  cavernous,  if  we  allow  tliat  these  are  lilled  by 
a  fluid;  a$  they  arc  otherwise  not  conceivable.  These 
are,  the  linear  directions  of  volcanoes,  and  the  singu- 
larly linear  tendencies  of  the  clcvat.ed  edges  of  strata. 
On  the  natun;  of  this  disposition  it  seems  to  me,  how- 
ever, in  vain  to  speculate  ;  and  1  willingly  therefore 
•leave  it  to  the  researches  and  rensoiiings  of  future  geo- 
logists. I  can  conceive  it  to  have  been  prndnccd  bv 
former  displacements  of  solid  strata  :  but  that  Is  all. 


General  Conclumms. 

la  reviewing  what  has  past,  wp  cannot  help  being 
strnck  with  the  mixgnltudt'  of  the  forces  whit  li  elevated 
the  strata,  with  the  enormous  power  for  example  which, 
for  the  last  time,  broui^ht  up  from  the  bottom  of  the 
ocean  our  present  primary  mountains  together  with 
their  successive  superstructures;  the  entire  mass  and 
load  of  all  the  rocks,  from  tlie  lowest  sandstone  to  tlie 
chalk.  The  imagination  is  lost  in  reflecting  on  such 
forces^  as  it  is  on  the  power  which  projected  the  pla- 
netary bodies  in  their  orhits.  Yet  this  force  is  proved 
by  the  facts:  and  though  it  were  not,  why  sliouki  it  be 
doubtcdr  That  Hand  which  spanned  the  globe  of  the 
earth  and  hiunched  it  into  space,  might  surely  move  its 
parts.  'l"he  unpcrceivcd  influence  of  an  antient  athe- 
istical philosophy  is  for  ever  shutting  our  eyes  to  ihc 
l-'irst Cause:  wc  dwell  on  sccondavycausei>  till  wc  forget 
that  they  are  but  the  agents  of  Him  who  appointed  und 
governs  them,  and  who  governs  them  for  His  own  ends. 

He  who  created,  docs  He  not  also  regulate  ?  Or 
where  is  the  difference  ?  We  arc  misled  by  a  term : 
we  are  thinking  of  the  metaphy:»ical  ipustion  of  tlie 
creation  of  matter,  when  we  imagine  that  we  are  dis- 
cussing that  of  the  earth.  The  Deity  created  more 
than  mere  matter,  or  a  simple  globe;  but  he  did 
not  create  those  forms  and  dispositions  in  an  instant. 
The  Earth  is  not  yet  created:  nor  will  it  he,  as  long 
as  it  hiLS  a  change  to  undergo.  What  He  did  at  tirst 
He  is  doing  daily  :  let  His  power  in  creation  be  granted, 
and  wc  grant  His  powers  in  regulating,  iu  governing; 
it  is  enough. 

The  extent  of  these  forces  has  been  that  of  tJic 
whole  Earth ;  but  their  dcptli  must  also  have  been 
enormous.  Mathematics  teach  ub  how  to  calenlute, 
from  tlie  extent  of  action,  the  diplli  of  a  military  mine. 
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If  \vc  cannot  actually  apply  the  rule  in  such  a  case, 
wc  can  at  least  coujecturc,  within  certain  limits,  what 
was  the  depth  of  such  a  force  as  elevated  any  single 
mountain  chain,  of  which  the  continuous  direction  and 
uniformity  of  position  indicate  a  single  uniform  action, 
as  does  probably  the  eurthfjuakt!  of  Lisbon.  Conld  we 
suppose  that  Europe  had  been  produced  by  one  e3brt, 
the  focus  of  tiie  paraboloid  would  he  scarcely  less  dis- 
tant than  the  centre  of  a  solid  earth.  But  the  reader 
can  reflect  for  himself;  tlie  data  are  before  him. 

Nor  mnst  tlie  great  question  of  Time  be  passed  over 
lightly.  We  are  too  apt  to  measure  this  by  our  owu 
brief  duration,  as  our  vanity  dreams  that  the  universe 
was  created  for  us.  Let  us  contemplate  Time  as  it 
relates  to  the  Creator,  not  to  ourselves,  aud  we  shall 
Do  longer  be  alarmed  at  that  which  the  history  of  the 
Earth  demands.  Every  change  which  it  has  undergone 
has  required  time:  every  new  deposition  of  rock  has 
been  the  work  of  ages ;  and  the  sum  of  these  is  the 
duration  which  has  been  reviewed ;  although  this  is 
possibly  but  a  small  space  compared  to  that  through 
which  it  has  existed  as  a  planetary  gl  ihe.  Every  stra- 
tum of  rock  is  the  work  of  time,  often  of  far  more  than 
wc  choose  to  contemplate :  while  from  what  we  sec, 
we  can  approximate  to  that  which  we  know  not  how 
to  measure.  He  who  can  measure  and  number  tlie 
strata  from  the  first  to  the  last,  is  prepared  to  solve 
this  (jueation  as  it  relates  to  the  inten'ak  of  repose, 
but  of  those  only,  not  to  those  of  the  revolutions:  let 
him  ascertain  the  time  required  to  produce  u  stratum 
of  a  given  depth,  let  hiui  seek  it  iu  the  increase  of  co- 
lonies of  shell  fishes,  in  deposits  of  peat,  and  in  the 
earthy  deposits  of  seas  and  lakes,  and  he  has  found  a 
multi])Ucr^  not  to  disclose  the  truth,  but  to  aid  his 
imagination. 

Who  indeed  can  sum  this  series?  the  data  are  not 
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in  our  ]>ower  :  yet  wu  can  aid  conjectures,     ITie  g^reat 
tnict  of  peat  near  Stirling  has  demanded  two  thousand 
yeaas  ;  for  its  registry  is  preserved  by  the  Roman  works 
below  it.     It  is  but  a  single  bed  of   coal :  shall  we 
imiltiply  it  Ijy  a  liuiidrtd  ?  we  shall   not  exceed,    far 
from  it,  did  we  allow  two  hundred  thousand  years  for 
the  production  ol'  the  coal  series  of  Newcastle,  with  all 
its  rocky  strata.     A  Scottish   lake  does  not  shoal  at 
the  rate  of  half  a  foot  in  a  century;    and  that  country 
presents  a  vertical  depth  of  far  more  than  three  thou- 
sand feet,  in  the  single  series  of  the  oldest  sandstone. 
No  sound  geologist  will  accuse  a  computer  of  exceed- 
ing, if  he  allows  sis  hundred  thousand  years  for  the 
production  of  this  series  alone.     And  yet^what  are  the 
coal  deposits,  and  what  the  oldest  sandstone,  compared 
to  the  entire  mass  of  the  strata?  Let  th^  computer 
measure  the  Apenninc  and  the  Jura,  let  him,  if  he  can 
trust  Pallas,    measure  the   successive   strata,   of  sixty 
miles  in  depth,  which  he  believes  himself  to  have  as- 
certained, aTid  then  he  may  renew  his  computations  ; 
while,  when  he  has  snmnied  the  whole,  his  labour  is 
uot  terminated.     But  let  the  reader  supply  the  figures 
which  it  is  useless  to  exhibit,  since  they  cannot  he  true. 
If  these  views  of  the  powers  and  the  results  of  ge(^» 
logical  iuvcstigation  arc  alarming  to  feeble  minds,  they 
tend  to  exalt  that  science  in  the  estimation  of  those 
who  neither  fear  to  seek  Truth,  nor  dread  it  when 
found.  It  is  not  astronomical  science  alone  which  xvill 
hereafter  elevate  the  mind  in  the  contemplation  of  the 
universe :  but  the  Earth  has  hitherto  been  reasoned  on 
by  mathematicians  only,  and  all  l)ut  its  mechanical  re- 
lations have  been  forgotten.  If  there  are  still  ignorant 
and  anxious  persons  who  think  that  these  views  inter- 
fere with  our  Faith,  I  refer  them  to  the  following  chap- 
ter; for  I  will  not  agitate  this  question  twice.     The 
learned  reader  will  not  fail  to  remark  their  co\vi*ivis:\vi't 
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with  the  opinions  rercircdtn  thr  Stoics,  respectiniftlir. 
destruction  and  renovation  of  the  Earth  at  fixed  periods. 
Uut  it  is  ciiflv  to  trace  these  doctrines,  and  the  Great 
year  of  Aristotle,  to  Pythagoras,  and,  beyond  him,  to 
the  far  more  untient  philosophy  whenoi^  (ircecc  bor- 
rowed more  t}mn  its  iiNtronomy  and  mythology.  If  it 
was  a  Chaldean  doctrine,  so  was  it  that  of  antient 
India.  TheCalpas  of  the  Brahminieal  school  are  the 
periods  in  tpicsiion  :  and  hence  the  "ma^nns  ab  io- 
tcgro  sierlonim  naseitnr  ordo,"  of  those  who  copied 
more  than  they  invented.  But  if  there  be  any  one  who 
imaf^nes  that  thele  opinions  were  the  result  of  obser- 
vation, and  not  the  speculations  of  hazard,  that  thi; 
Kust  had  made  those  Jidvances  in  Geolo^*  wliich  it 
hud  ill  Astronomy,  he  may  please  himself  by  dwellincj 
on  that  singular  coineidence  through  which  we  arc 
DOW  in  the  fifth  Calpu.  j 

If  1  have  attempted-  to  trace  backwai-ds  to  that 
furthest  state  of  our  ^lobe  respecting  which  we  can 
procure  any  evidence,  yet  not  thus  tracing  the  firsi 
member  iu  this  series,  nor  thns  exchuling  many  former 
vicissitudes  uiid  a  long  preceding  existence,  I  have 
also,  iu  tracing-  a  pi-ogrcssivc  meliomtion,  retraced  to 
points  in  succession  wiiere  organic  beings  were  leas 
various  and  abundant,  and  especially  where  animals 
continue  to  diminish,  from  the  least  questionable  of 
evidences,  that  of  the  gradual  dimiuntion  of  the  cal- 
careous strata.  In  such  a  diminishing  series,  the  Brst 
point  is  unity;  and,  beyond  it,  is  nothing.  Could -n-c 
therefore  fix  this  point,  we  might  discover  when  the 
CreiUion  of  animals  commenced.  We  have  not  done 
this:  yet  so  far  are  we  from  Iwing  called  on  to  believe 
that  the  creation  of  animated  beings  lias  no  retreating 
limit,  that  we  umst  conclude  it  to  have  had  a  coni- 
mcuceuient,  and  one  also,  the  ^ale  of  which  -we  can 
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assign  in  n  -.'cneral  raannrr,  as  coni]Mirc(l  to  llie  a:ras 
of  the  earth  itself. 

I  read,  that  as  llic  variations  tvhich  astrononiiTs 
have  discovered  are  pt^riodical,  and  that  as  thr 
solar  system  presents  no  marks  of  a  termination, 
no  it  discovers  no  indications  of  a  comnieuccnient. 
I  read  also  that  the  phenomeim  of  the  caitli  coincide 
with  those  of  the  Celestial  inechanisui,  and  further, 
that  the  laws  of  animated  conform  to  those  of  inani- 
mate existence.  I  read  in  tlie  Gist  iissertion  a  partial 
trnth,  whence  the  mathematician  has  deduced  «hat  is 
not  dedacihlc,  forgetting  the  very  rules  of  his  own 
science;  ami  in  the  two  latter  assertions,  I  read  what 
are  not  truths.  If  I  am  surprised  at  the  more  than 
oversight  in  the  whole  of  these  assertions,  I  will  nut 
note  the  pnrpose,  since  it  is  evident.  But  I  must  an- 
swer tlie  mathematician:  for  this  is  my  dutv.  The 
answer  cannot  indeed  now  reach  him:  butitwill reach 
those  whom  he  has  misled. 

That  a  machine  may  perforn»  an  appointed  duty,  it 
must  be  a  finished  work:  it  must  he  perfect  from  its 
commencement;  and  while  it  does  contince  to  perform 
that  duty,  it  remains  perfect.  Tlie  celestial  mecha- 
nism was  designed  by  its  Creator  for  a  final  cause,  an 
End;  and  that  end  is  still  in  view.  Unless  therefore 
we  doubt  His  Power  or  His  Wisdom,  that  mechanism 
could  be  no  other  than  it  has  been  and  is.  The  order 
of  the  planetary  system  on  which  the  mathematician 
dwells,  is  its  necessary  condition :  but  no  sound  logi- 
cian will  infer  from  this  that  its  past  duration  lias  been 
eternal,  or  that  its  future  has  no  bounds.  It  must 
have  been  precisely  what  it  is,  thoujrh  its  duties  were 
temporary;  and  it  may  therefore  be  temporary,  us  well 
as  eternal,  for  all  that  its  regularity  proves.  Of  its 
future  limitation  we  can  infer  nothing:  except  that 
this  is  within  tlio  power  of  Him  who  desi^ued  mA  tx- 
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ccuted  if:  of  its  duriition  In  the  payt,  I  shall  presently 
show  reasons  for  hclicving  that  wc  can  prove  a  coui- 
nienccmcnt,  though  not  the  date  of  that. 

When  I  siiy  that  its  duration  is  within  thn  power 
ofits  Creator,  I  do  not  allnde  to  a  mere  act  of  Will 
The  secondary  causes  are  ready,  and  ever  active.  The 
Mathematician,  aecnstonicd  to  the  sole  contemplation 
of  his  own  science,  ha»  forgotten  that  the  laws  of  Me- 
chanics comprise  hnt  one  of  two  great  powers  in  the 
Universe.  Chemistry  is  the  other  rig-hl  hand  of  the 
Creator:  the  source  of  change,  the  joint  governor  with 
Mechanics;  the  opposinf^  power,  uhen  its  power  is 
recpiired.  This  mathematician,  writing  on  Gcolopy, 
should  not  have  forgotten  that:  as  a  mere  astro- 
nomer, he  ought  not;  for  that  Chemistry  is  acting  in 
the  Comets  and  In  theSnn,  ns  it  has  acted  and  is  acting  in 
every  planctarj'  and  solar  hody  throughout  the  universe. 
Its  great  agencies  have  hccn  overlooked  or  forgotten  in 
the  exclusive  pnrsuits  of  the  Mechanical  philosojjhy. 

It  is  said  also  that  the  laws  of  animated  coincide  with 
those  of  inanimate  existence.  I  have  answered  this 
already.  I  have  shown  the  high  probability  that  Life 
has  heeii  more  than  once  ilestroyed  and  renovated, 
that  it  has  had  many  commencements;  the  certaintv, 
assuredly,  that  it  must  have  had  at  least  one,  and  that 
one  at  a  far  later  date  than  the  creation  of  the  Earth 
itself;  though  this  is  implied  in  the  very  pro<1uction 
of  the  Earth  within  Time.  How  that  point  is  related 
to  thecominencenient  of  the  earth  itself,  it  is  in  vain 
to  speculate.  It  is  a  moral  argnment  for  their  near 
coincidence,  that  tlic  object  of  the  Deity  in  Creation 
was  Life :  yet  to  Him  to  whom  Time  is  nothing,  it 
were  nothing  though  an  unanimated  globe  had  revolved 
for  ages  in  the  general  system.  And  any  second 
commencement  of  Life  implies  a  previous  destruction; 
whence  it  is  not  necessarily  perdurable  in  the  future,  as 
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the  causes  of  its  destruction  urc  also  providfd,  in  the 
great  Chemistry  of  the  Kartli.  The  assertion  i.s  there- 
fore what  I  called  it ;  and  this  iiuagiiiary  analogy  is 
consequently  nothing. 

When,  histly,  it  is  said,  or  insinnated,  that  there  arc 
no  marks  of  a  comnirnccment  in  the  Earth,  the  answer 
is  also  found  in  what  has  preceded.  Tlie  retrocession 
of  forms  ■wliich  I  have  traced,  leads  us  constantly  back 
to  a  preceding  condition,  under  which  the  form  of  the 
surface  was  simpler,  and  the  rocks  less  nnnierous  than 
in  the  next  sueceediuj;  one :  under  wliieh  retrograda- 
tion,  we  exhaust,  especially,  or  approach  to  the  ex- 
haustion of,  tlie  calcareous  strata.  The  last  earth  in 
thia  backward  chain,  though  I  should  not  have  dis- 
covered it,  cont-lsted  but  of  a  single  series  of  strata; 
and  a  preceding  one  should  therefore  have  possessed 
none.  Whatever  rocks  it  did  coutain,  must  therefore 
have  been  the  produce  of  fusion  ;  and  froju  these  were, 
of  course,  formed  the  first  strata.  Tliis  inference  is 
inevitable,  from  what  has  pn-ceded ;  and  tlierefore, 
though  every  visible  unstratitied  rock  is  posterior  to 
the  strata  with  which  it  is  connected,  there  is,  or  has 
been,  an  unsiratitied  rock  older  than  any  strata.  This 
i»  the  first  formation  of  rock ;  and  it  is  (he  produce  of 
cooling.  Hence  the  state  anterior  to  tliat,  place  it 
where  we  may,  is  the  fluid  state  which  &o  many 
other  phenomena  tend  to  prove ;  and  thus  are  we 
carried  hack,  by  a  connected  scries  of  facts  and  infe- 
rences, to  the  proof  of  that  which  was  probable  on 
other  gronnds  ;  to  an  originally  fluid  globe.  And  if 
this  is  not  the  commencement  of  the  earth,  or  its 
creation,  it  is  still  that  approximation  which  imphes  a 
commencement;  while  if  we  admit  Lu  Place's  views, 
and  believe  that  this  fluid  was  the  produce  of  a  pre- 
vious gaseous  sphere,  the  approach  to  creation  becomes 
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Still  neareFj  though,  at  this  point,  we  must  stop.  But 
stop  wherever  we  may,  tlie  facts  still  prove,  that  the 
phenomena  of  the  Earth  do  not  coincide,  as  is  said, 
with  those  of  the  Celestial  mechanism,  that  the  Karth 
was  not  the  same  at  previous  periods  as  it  is  now,  and 
and  that  it  also  hears,  as  I  have  formerly  shown,  the 
marks  of  a  progressive  and  steady  mehoration. 

Therefore  was  it  created  in  time ;  and,  therefore 
docs  it  not  support,  by  the  asserted  analogy,  an  equally 
imagined  Eternity  of  the  Celestial  system,  or  of  the 
merely  Solar  one.  Let  a  peculiar  philosophy  fancy 
what  it  may,  it  receives  no  assistance  from  facts  :  on 
the  contrary,  these  contradict  it.  The  Peripatetic  phi- 
losopher must  submit :  for  even  on  that  which  had  no 
foundation,  the  holt  has  fallen. 

But  Geplqgy  can  effect  yet  more  ;  and  with  that  I 
shall  conclude.  There  is  nothing  in  the  celestial  me- 
chanism to  prove  that  the  Solar  system,  the  Universe 
tself,  is  of  a  more  remote  date  than  Man.  Astronomy 
furnishes  no  evidence.  Bat  Geology  teaches  us  that  a 
terrestrial  globe  had  a  long  prior  existence  ;  and  thence 
does  it  prove  the  equally  remote  antiquity  of  the  Solar 
system,  though  mathematics  cannot  as  yet  so  far  demon- 
strate its  connexion  with  other  systems,  as  to  prove  that 
the  date  of  the  creation  of  those  is  involved  in  our  own, 
as  that  of  the  Earth  is  with  the  entire  mechanism  of 
the  Solar  group.   ' 

Of  such  high  value  is  geological  science,  when  duly 
viewed.  As  far  as  what  has  now  passed  involves  a 
Theory,  it  consists  of  those  deductions  from  facts  which 
philosophy  is  justified  in  drawing,  but  it  is  not  yet  a 
Theory  of  the  Earth. 

END    OF    THE    FIRST    VOLUME. 
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